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FOREWORD

This final report is submitted under Contract NAS9-13576 from National Aergnautics and
Space Administration, Lyndon B. Johnson Space Center, Houston, Texas. E’I’his report
supersedes the interim report TTR No. 1 dated July 1974, since both the work reported

there and the work performed subsequent to that date are covered in this report,
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PART 1

INTRODUCTION

1.1 OBJECTIVE

The purpose of this effort was to study the system approach, and implcment and evaluate
the changes necessary to add the non-cooperative mode capability with frequency diversity

to the Apollo Rendez#-cus Radar while retaining the cooperative mode capability.

1.2 BACKGROUND

Shuttle rendezvous Opefat‘irons involving spacecraft such as scientific satellites, space
stations, and disabled Or.powered—-down spacecraft will require an Aon_;board rendezvous
tracking system. The feﬁdezvous iracking system must have the 'cai)ability of tracking

both non-cooperative and cooperative targets. When it is determinéd that regularty
scheduled rendezvous opefétions with any given orbiting spacecraft will be required, a
tranSponder would be aftached to enhance the range and accuracy capabilities of the system.
The tracking system must be capable of supplying range, range rate, and angular informa-

tion of the target to the on- board Shuttle Guidance and Nav1gatmn System

1.3 CONCLUSIONS

The épace—proven Apc_)llo"—’type Rendezvous Radar has been modified tc operate in both a
cooperative and a non-cc_cﬁerative mode, with frequency diversity in the latter mode. .
Tests have shown that-thé system performs as intended, and in particular that .the concepts
of range measurement'bjr' fcne modulation, coherent ICW operation at-a high prf to provide
transn_litternreceiver isolation, and frequency diversity all are ccnicatible and operate

together without interfefec’ce, as the analysis has indicated. This brdgram has been



successfully completed at a very modest cost by aveiding a number of investigations,
system optimizations and system modifications which eventually must proceed, but which

are not essential to this basic feasibility demonstration.

1.4 RECOMMENDATIONS

In order that the Space Shﬁttle program can take full advantage of the desirable features
which this type of radar can provide, futher work is recommended along several lines.
These include further t_eéting and possible minor modifications using the radar in its
present form, additién_ 'Qf features which better optimize the perfbrmance in the non-
cooperative mode, teSti‘n_g_l,under more realistic simulated target conditions, and system
analysis with computérréimulation of gritical system .operations..l The following paragraphs

list these items.

Items which are very desirable to facilitate system testing are as féllbws.
. % - -
‘e Variable doppler ?WGEp limits — this will prevent the frequency search from
sweeping thrqugh the cluiter band at zero doppler, thus aiding system testing in
a clutter environment, and still permit testing at zero doppl_er ina non-radiatihg

setup.

® Display and régbrding of control logic — permitting monitoring of the various
steps in the tar;g'et detection, acquisition, and tracking sequences, which although

not important in the final application is of interest in develoﬁmeqtal testing.

e Manuzal target t'iésig’nator — an optical sight with suitable angle pickoffs and inter-
face with the radar will provide a necessary means of pointing the radar beam or

the scanned sector at any desired direction or target, including moving targets.

) Achuisition dis’play — a two dimensional display of angle coordinates permits an
indication of the target direction (obtained from the above manual target designator)

and the actual radar beam as it proceeds through the scan pattern, This is



necessary to be able to effectively control and monitor the acquisition of a
stationary target, and is essential if the target is moving,' or if a short range

target is to be acquired and detection is possible in a side lobe.

Fluctuating tai-get simulator — a target simulator with provision for target area
fluctuation and for the effects of frequency diversity is very desirable. Simulation

of the target extended in the range direction is also desirable, but less important,

Items which accomplish system performance improvéments related to the modifications

already made are as follhws. These items are related to the conversion of the radar to

provide the non—coopei'ati{we target capability, but were deferred in the interest of proving

concept feasibility at low cost. The evaluation of tests on the equipment in its current

form, which does not include these items, should recognize corresponding limitations in

areas related to these items.

Servo leoops — ‘the moments of inertia on the two gimbals were altered, without
changing the serv'g loop compensation.' Speed of response and stability can there-

fore be imprm}_e’d-.

Angle scan parameters — preliminary calculations suggest that more uniform
acquisition pérfdi-mance can be obtained if the raster line spacing is reduced,
at the cost of reduced coverage, Test conditions should be revxewed to determme

, iLf it is desirable to alter the scan parameters.

Data-good logi'c — the existing logic was developed for the cooperative mode, so
some revision is to be expectéd to obtain proper operation with the target fluctua-

tions present in the non-cooperative mode.

AGC — this also was designed for the cooperative mode, and some improvement
in system pei‘fqi‘rﬁance can be obtained by adjusting its parameters and character-
istics to Opel_faté with a fluctuating target, with frequency diversity, and with a

short range mosﬂy-eclipsed target.



®  Optimization using target simulator - all of the above system design items should
be optimized in fh_e laboratory, and the performance verified, on 2 fluetuating
target simulator such as was mentioned in the preceding list related to system

testing,

Items consisting of added features which, although not essential to proving feasibility, are
required in an eventual. _irﬁplementation, are listed as follows. All of these items have a
strong potential for exbandi'ng system performance, so that although no large development
risk is involved it is very worth while to proceed on them to pave the way for optimum |

design of the eventual sys'tem.

o Doppler filter bank - providing a bank of detection filters, rather than a single
swept-frequency' filter as currently implemented, will greatly speed the search

process. This affects the frequency lock on logic.

e Low PRFin se.é.‘rch mode - this eliminates eclipsing loss in the search mode for
nominal maximum range targets. It has a minor impact on the acquisition logic

due to operatidn in the ambiguous doppler condition.

.o Multiple~tone ‘usage in range tracker - the present logic for controlling the use of
the several range tones is adapted with minimum change from the cooperative-
mode configurat'iiqn. A few instances have been observed wh_gre. an improper range
lockup has occufr_ed. The different conditions connected.with signal fluctuation and
a different si’gné.l demodulation method dictate that the tone usage logic should be

reviewed to select the best techniques.

® Positive PRF control during tracking - for expediency the present method is to
cycle through PRF's whenever the signal level drops below a programmed
threshold, so that tracking of a fluctuating target can be significantly improved by

selecting the PRF on the basis of measured range.



PART II

ABSTRACT

The space shuttle rendez_\fdu_.s rf;ldar has a requirement to track cooperative and non-
cooperative targets, Fo'r:this reason the Lunar Module (LM) Rendezvous Radar has been
modified to incorporate the capability of tracking a non-cooperative target. The modifications

include the following.

Radar

{1) Addition of a hig'hér power pulsed transmitter at the transponder transmit frequency

9792 MHz.
(2) Gating off the receiver during the transmitter on time.

(3) Additional processing of the received signal to extract the ‘ranging tones and to
frequency lock the receiver to the received signal from a fhictuating target in the

non-cooperative mode.

{4) Providing frequehc_y diversity by generating additional transmitter and local

oscillator frequendies, thus minimizing the effects of target fluctuation.

(5) Provide a scan generator to scan the radar through the volume of uncertainty of

target location,

Special Test Equipnieht_-

(1) Pulse modulation 'qf- simulated target signal with time delay corresponding to

simulated target range.

(2) Frequency diversity simulation,



The radar modifications were done in two phases. In the first phase all modifications

except those relating to frequency diversity were completed, and system tests were per~
formed to confirm proper performance in the non-cooperative mode. In the second phase

f réquency diversity was added to the radar and to the special test equipment, and then
system tests were performed. This last set of lests included re- running the tests of the
non-cooperative mode without frequency diversity, followed by tests with frequency divers ity

and tests of operation in the original cooperative mode.



PART III

EQUIPMENT MODIFICATIONS

1.0 _INTRODUCTION

The Rendezvous Radar h_e_réin described is an extension of the unit designed for the Apollo
Mission, It differs from the original design in that a non-cooperative target mode with

frequency diversity has been added. Figure III-1 is a block diagram of the modified radar.

The Rendezvous Radar (RR) is a lightweight, highly reliable, accurate, space stabilized,
coherent tracking radar which operates in either the Transponder Mode where it acquires
its associated Transponder located on board the target vehicle, or it cbherently gkin tracks
a non—cooperatwe target. After acquisition it automatically tracks wh11e supplying angle
angle rate, digital range data and range rate data to the guidance computer and/or the

astronauts displays.

In the cooperative mode the‘RR_and the Transponder (T) each Autilizé‘solid state varactor

multipliers as transnu‘tté_rs, with the transmission and reception on a CW basis.

In the non-cooperative mode the radar uses a TWTA as a final output transmitter stage. This
provides the higher _poWe_r required for skin tracking. Sinée reception and transmission are
at the same frequency. Thé receiver is gated off during the transmit time. Transmisgsion is
performed at the five differe'nt PRFs to minimize eclipsing losses. Transmitter duty cycle
is approximately 40 pexi'é;ant. Five transmit frequencies are used to minimize the effects of

fluctuating targets.

Gyros which are located _c}n the RR antenna stabilize the line-of- siglit_ (LOS) against the

effects of body motions, and permit accurate measurements of LOS angular rate.
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1. Simplified Block Diagram, LM Radar Modified for Non-
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Angle tracking is accompl'iéhed by u\sing the technique of amplitude comparison monopulse'
(or simultaneous lobing) to obtain maximum angular sensitivity and boresight accuracy.
Range Rate is determined by measuring the two-way doppler frequency shift on the signal
received from the targét. Range is determined by measuring the time delay between the
transmitted signal modulation waveform and the received signal waveform utilizing a multi~

tone phase modulation.

2.0 MODIFICATIONS TO EQUIPMENT

2.1 RADAR MODIFICATIONS

The transmitter consiéfs._df a gated 30 watt gridded TWTA driven by a ¢coherent, pregated,
exciter center fréquency of 9792 MHz, the other frequencies are +50 MHz and +100 MHz.
The transmitter is locatéd-off the antenna gimbals, Its outputis routed to the antenna feed
horns using waveguide and rotary joints which have been added at the shaft and trunnion
axes, The new transmitt'er.is shown in Figure III-2, This figure also Shows the PRF
generator which contro‘l_s. the receiver and transmitter on times and the transmit and local-
oscillator frequencies. The modified antenna assetﬁbly, including the added waveguide
and joints are shown in "Fi’g'ure Iﬂ—3‘. The coupling to the antenna miérowave is shown in

greater detail in Figure III-4.

Receiver gating wasl added to prevent the radar from locldng to the transmit signal. The
receiver is gated off in th;fee steps. The X band local oscillator is't_ufned off using a SPDT
PIN diode switch, shown in Figure -5, This reduces the transmitter leakage by appfoxi-
mately 40 dB and preven.ts,sé.turation of the mixer preamp. With f;'eqﬁency diversity the
local oscillator is steppéd in synchronous with transmitter to maintain the IF at 40,8 MHz.
The preamp outputs, at 40, 8 MHz, can then be gated with phase and amplitude tracking gates
to provide further isolaﬁon prior to the high gain first IF amplifiers. Finally the second
L.O. at 34 MHz, is gated.’ This combination is adequate to reduce the 6.8 MHz second IF

to a level below the receiver sensitivity.
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Figure IlI-2. Non-Cooperative Mode Transmitter




Figure III-3. Modified Antenna Assembly
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Figure III-4. Waveguide Routing
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Figure III-5.

Pin Diode Switch Location
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The signal processor accepts the mdeband 6.8 MHz, 2 MHz bandwidth, ' from the receiver
and extracts the ranging tones and an error signal for control of the doppler measuring VCO,
The received 6.8 MHz ‘31gnal is applied to five narrow band filters. The center filters
passes the carrier and the 10w frequency, 200 Hz, tone sidebands. Two additional filters
pass the upper and lowef sideband associated vﬁth the mid frequency, 6.4 kHz, tone while
the final two pass the h1gh frequency, 204, 8 kHz, tone upper and lower sidebands. The
filtering increases the mgnal to noise ratio and removes unwanted modulation sidebands
created by the PRF switching. After filtering, the mid and high frequt_ancy sidebands are
‘recombined with the carrier to create two tone channels, The channels are limited to
remove the unwanted amplitude modulation and applied o two discriminators. The high
frequency discriminator extracts the high frequency tone and the mid frequency discrimindtor
extracts the low and mid fréquency tones. The toneé are then ampliﬂéd and phase shifted

to a level required by the -ra'.nge tracker. The carrier filter output is also limited and
applied to a discriminator to produce a frequeﬁcy error signal. The resultant error signal,

after compensation, is applied to the VCO to frequency lock the receiver,
Figure II-6 is a picturé,_ of the electronic agssembly showing the added assemblies.

The scan generator forces the radar.to scan the target uncertainty volume by applying a
fixed bipolar voltage to the ‘manual slew inputs of shaft and trunnion. The Scan pattern
starts from the upper left corner of the volume of uncertainty. After a fixed period of time
(approximately 20 degrees) the antenna is stepped down in shaft and the direction of trunnion
motion is reversed, This procedure is repeated until the total volume is scanned. The

antenna then reverses and scans up from lower right hand corner.

2,2 SPECIAL TEST EQUIPMENT (STE) MODIFICATIONS

In order to test the modified radar it was necessary to provide a simulated target delayed

in time relative to the transmlt signal, The existing STE was capable of delaymg the
ranging tones. A digital delay unit was added which delayed the transnut pulse to simulate
range delay, This delayed puise gated the simulated signal in the STE to §1mulate the target

14



Figure IlI-6. Electronic Assembly
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return, The simulated target was modified to provide the 5 frequency diversity signals

at the same frequency as transmitted plus doppler which are used for target return signals.

2.3 PERFORMANCE

Radar performance was‘verified using the simulated target at various ranges from 100 ft
to 7 nautical, with the transmitter active. Since reflected targets in the area interferred
with the simulated signal ,- 't'he sy;nthetic target signal was injected using the RR hat cbupler.
The radar also tracked the beﬂected signal from an aluminum coated cube located 100 feet
from the radar. The ra'da:r'also tracked several reflected targets in the area. The ability
of the radar to acquire the simulated target from the secan was also verified. For further
details of the test resulté "s'ee section 4.0 pages 23 through 48,

3.0 GENERAL EQUIPMENT DESCRIPTION

The radar consists of fi‘}eiméiu assemblies: Antenna Assembly, Electronic Assembly,
T ransmit-Exciter/ Control, Transmitter Assembly and scan generé.tor. A brief description
of the major functions fo_l.lo“ws , and reference should be made to the detailed block diagram

Figure IIT-7.

3.1 ANTENNA ASSEMBLY

The RR Anten_na assembij% includes the usual microwave radiating and gimballing elements

in. addition to internally -;ﬁounted gyros, resolvers, multiplier chains, frequency diversity
single side band generator, jrr'mdulat‘.orsz and mixer preamplifiers, Except for the waveguide
required for the high power fransmitter in a pon-cooperative mode, ﬂ-e:ﬁble low frequency
coaxial cables are used to connect the cutboard antenna components to the inboard electronics

assembly. A flexible cable wrap-up system is used to achieve rotation about each axis.

The Antenna is a four-horn amplitude comparison monopulsé type. The Cassegrain

configuration is used to Iﬁipilhize the total depth. The antenna transmits and receives

16
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circularly polarized radi_ation to minimize signal variations resulting from attitude changes
of the linearly polarized Transponder Antenna, Components are distributed inside the
antenna to achieve balance around each axis. Each axis is controlled by a brushless servo

motor which is driven by pulse-width modulated drive signals,

Four rate integrating gyros are used for LOS space stabilization an& LOS angle rate
measurement. These are located in the lower section of the trunnion axis and act as a
counterweight. Only two of the gyros are used at any one time and a voting logic system
(located in the Electronic Assembly) is utilized to transfer control to the other two gyros _
in the event of a failure in either of the two gyros being-used. The voting logic compares
the tw_q active and one d_f t_he redundant gyro outputs. A two speed resolver is mounted on

each axis for high 2ccuracy angle data pickoff for the computer and for display.

The multiplier chain, phase .modulator, and mixer preamplifiers are mounted internally
behind the antenna dish. Iti the cooperative mode the multiplier chain supplies X-band
power for radiation and for local oscillator excitation. This is feasible, since the Trans-
ponder replies with a fréqqgncy side-step equal to the radar first IF frequency.' In the
non-cooperative mode a separaté transmitter displaced from the LO by the IF frequency is
provided. The heat dissipated by the multiplier chain is radiated back into space by the
dish. The phase modulator utilizes a ferrite rod inside a waveguide and a solenoid for
varying the magnetic fle_ld inside the rod. The ranging tone signals are applied to the
solenoid, which varies th_é electrical length of the rod, and provides phase modulation of
the X-band carrier. Three balanced mixers and three preamplifiers are included, one for

each of the three channels (reference, shaft error, and trunnion errors).

3.2 ELECTRONIC ASSEMBLY

The Electronic Assembly includes the following functions.
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3.2.1 Receiver

The receiver is a highly'étable three channel, triple conversion superhetrodyne, It has
intermediate frequenciéé. of 40.8 mc, 6.8 me, and 1.7 me. The bandwidth of the first IF
amplifier is 10 mc and the second IF amplifier is 2.7 me and the bandwidth of the third IF

is approximately 1 ke, .Two ché.nnels are provided for amplifying the shaft axis and trunnion

axig error signals and kon‘e channel is provided to amplify the réference.or sum channel,

The receiver also includes phase sensitive detectors for generating angle efror sighals, an
AGC circuit for controlliﬁg'_the Gain of the three receiver channels, an IF distribution
amplifier unit for sup_plyir;g reference channel signal to the range and frequency trackers,
and a gated local oscillator signal. The second local oscillator frequency is obtained by
beating the frequency tfdcker VCO output with a reference frequency exactly 6. 8 mc lower
than the incoming 40. 8 doppler shifted frequency. After the second mixer, the doppler
frequ'ency shift is removed and all subseguent signal processing is accomplished at fixed

carrier frequencies.

3.2.2 Frequency Syntheéizer

The Frequency Syntheéizéf generates all of the fixed frequencies required for coherent -
signal transmission and rrec'eption. A singlé 1.7 me oscillator and_ a system of multiplic'ation,.
division, and mixing are used to produce the required frequencies. The synthesizer aiso
generates the receiver local oscillator frequency, and various clock and reference frequencies

used by the receiver, sigr';al data converter, and trackers.

3.2,3 Frequency Tracker '

In the cooperative mode the Frequency Tracker tracks the coherent.narrow—line specira
received from the Tfanspdnder. The Frequency Tracker is switched in order to phase-lock
.the VCO with the mcoming narrow-line spectrum, The phase detector for the phase-locked
loop uses a 6.8 s1gna1 from the frequency synthesizer, as a reference. In the non-

cooperative mode a discriminator is used to derive the error signal. The error signal
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drives the VCO to a frequency that when it is used as a local oscillator signal for the
second [F mixer after being mixed with 2 27.2 mec synthesizer signa,l,'it remove;S the doppler
frequency shift from all signals in succeeding IF stages, and assures passage of the signal
through the 1.7 me filters. These filters bave a bandwidth of 1 kc. - The tracker utilizes a
frequency sweep circuit to sweep the VCO frequency across the doppler frequency range
{(x100 ke in cooperatwe mode and 0 to +10 ke in non-cooperative mode) whﬂe searching for

- the received signal. A threshold circuit senses the presence of carrier s1gnaI within

locking range, stops the sweep, and permits the VCO to phase lock.

3..2.4 Transponder Mode Range Tracker

The Tra.nspondef Mode Rangé Tracker determines the range to the Transponder by measuring
the phase angle between the transmitted tones and the received tones. Operation is as follows.
The signal received from the Transponder in cooperative mode is demddulated (at 6.8 mc)

in a coherent product deféctor which uses a 6.8 mc quadrature reference or tone disecrimina-
tion non-cooperative niodé_:. .The individual sinewave iones are extracted from the receiver
noise by using bandpass ﬁlfers at the tone frequenc;es.! Range phase delay is measured
independently on each of the three tones in a closed tracking loop. _Thfée reference square

- waves are locally generated, each having variable phase with respect to the transmitted
tones, This phase delay is adjusted until the phase of each reference square wave matches
the respective received tone. These reference square waves are prodﬁced digitally by com-
parison of a running hi_gh'-é_s_peed counter with a low-speed forward-backward range counter.
The low-speed range count_ef is driven forward or backward until phase null is achieved in
each of the three phase deté;ctors. The range counter is driven by incremental range pulses
from a de to PRF Converter, which is controlled by weighted integration' of the three phasé

detector error signals.

3.2,5 Signal Data Converter

The Signal Data Converter accepts the range and range rate data from the Range and
Frequency Trackers a.nd' converts it to the 15 bit serial format required by the Guidance

Computer. Data is sbifted out to the computer on range and range rate lines as requested
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by the computer. It also sends various discrete radar status indications to the computer,

select radar mode, and'p’rocess es display data for activation or the astronaut display panels.

3.2.6 Antenna Control Amplifiers

The Antenna Control Aniplifier contains amplifiers, for driving the antenna shaft and
trunnion axis servo mdto'rs_,‘ for driving the gyro torquer coils, and the voting logic for
selecting the correct gyro pair. The servo control amplifier, in connection with the
antenna‘components and -raiihr receiver, form an inner and outer cld_se_d loop for each axis.
The inner or stabilization loop establishes the antenna boresight axis fo a fixed point in
inertial space even in the presence of body motlons The outer or trackmg loop maintains
the antenna bores1ght on the target based upon tracking error s1gnals from the monopulse
receiver. In the demgnate or search mode this loop is open and accepts -the computer desig-
nate data. In the automatic mode, the Guidance Computer will designate the antenna bore-
sight to the target supplymg'an automatic track enable signal for the RR when within 1 degree
of the computed target LOS. This together with frequency lock-on causes the tracking loop
to close. Thga antenna will then continuously track the target by majntaining the monopulse
receiver angle error signals at null. The antenna may be man‘uallir slewed at fixed inertial
rates. The "enable" signal necessary to close the auto track I;Jop is sﬁpplied by a manual

switch in manual mode.

The antenna shaft and trun‘ni'on motors are 32 pole, brushless, permanent-magnet rotor
types driven by pulse—wiafh modulated drive signals applied to sine and'cosine windings of
each motor. Reversal of the direction of rotation is accomplished by reversiné the motor
windings across the pul'se width quulated drive voltage obtained by ON/OF¥F switching of
the 25 volt ac power at a 1.8 ke rate. The voting logic, consisting of' pérformance' com-
parison and logical switching circuit, is used to automatically detect and remove a
malfunctioning gyro. Of the four gyros, two are used to stabilize the antenna. FEach pair
can perform a comparison or a control function. The voting logic determines whether the
active pair contains a failed gyro by comparing the output of each gyro of the active pair
and one gyro of the redundfaﬁt pair. If a failure or degradation occurs the other pair is

switched in to stablize the antenna,
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3.2.7 Self Test

Radar self test circuit permits testing of the radar without the presence of a cooperating
Transponder. The self test checks {ransmitter power, phase lock m mimmum signal level,
angle error detection, AGC action, and range and range rate measurement Inseruon of
single values of range and range rate permit quantitative checking via the displaysf The

self test circuit is disabled when the radar is in the operate modes,

3.2.8 Power Supply

L2

The RR power supply is bastcally, a highly efficient dc-dc converter which provides six
regulated dc output voltages. The circuit utilizes the method of switched ~-tap modulation for
input regulanon After chopping, rectification and filtering, series regulators are used at
each output, ;A choppmg.frequency of 20 kc is used to minimize the weight of transformer
aud ripple filter compoueut—. Short circuit protection circuits sense ouerload current
conditions on any of the output lines and de-activate the 20 ke chopping ose1llator for a
preset peiod of time, If the overload has been removed after this hme nominal operation

is resumed, if not, the de-activation cycle will continue until the overload is removed,

3.3 TRANSMITTER ASSEMBLY

The cooperative mode transmitter consists of a X96 multiplier chain, located on the antenna

ey

assembly, driven by a coherent 102. 425 MHz crystal oscillator located in the frequency
synthesizer. The resultant 9832.8 MHz signal at a level of 240 mw, 1s phase modulated by

the ranging lines and then radlated by the antenna,

The non-cooperative trausmi_tter is located off the antenna assembly. It containg a second
X96 multiplier driven by a 102 MHz signal. The resultant 9792 MHz signal is mixed with
+50 MHz or +100 MHz in the single side band generator (SSBG) to generate the transmitter
signal which is gated at the__ PRF frequency and phase modulated by the rangihg tones. It
is then routed to a gated travelling wave tube amplifier where it is amplified to a nominal
30 watts peak power. The signal is then routed to the antenna via two rotary joints.
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4.0 SYSTEM PERF ORMANCE DEMONSTRATION

The performance of thérlmodified radar was demonstrated to NASA JSC from 26 March 1974

to 28 March 1974 and from 19 November 1974 to 22 November 1974. The former tests were
conducted prior to the inclusion of frequency diversity and verified the performance for the

frequency track and range track loops. The second series was a test of the frequency

diversity modification.

4.1 DESCRIPTION OF TESTS'

The test procedures for the two series of tests were essentially identical, The major
difference was that the latter tests were performed with and without frequency diversity

and the former performed without frequency diversity.

Three basic tests were conducted to exercise and evaluate the modified rendezvous radar in

its non-cooperative mode, ~The testing consulted of:

(3) Clutter Free Tests. When the radar is allowed to radiate into free space, clutter,

returns from the area mask the simulated target return. Since ground clutter will
not be a problem: durmg the actual mission, the effect of ground clutter returis on
radar performance must be properly separated from the basic radar operation.

~ The radar hat coupier permits this type of testing. The tr'ans_mit energy is routed
by the hat coupler to the test equipment where it is absorbed. In addition, a
simulated radar return signal is coupled into the radar. The servo performance
can not be evaluated in this configuration. Servo performance is verified in other
tests., During th1s tests, the return signal was processed to accurately simulate

targets at 7 nautical miles, 3.5 nmi and 100 ft.

(b) Radar Search and Acquisition Tests. The ability of the radar to search the volume

of uncertainty and to acquire and track the target is verified during these tests.
During these tests, the transmitter is deactivated and the simulated target,

Trepresenting a t'arg.et at 7 nmi, is radiated across the test range from a moving
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target horn. The radar searches the area of uncertainty, acmures the moving

target and tracks it in angle, range and doppler.

(¢} Radintion Tests. During these tests, the radar's ability to track the transmitter

signal was vei‘ified. The following tests were performed.

(1) The transm1t signal was routed to the target horn and radlated back to the
radar. This verified short range performance against a known non-gintillating

target. Range and range rate biases were also c,hecked.

(2) The transmit signal illuminated an aluminum coated balioon and the radar

tracked the reflected signal,

3) The radar tﬁacked the clutter returns.

Appendix 1 gives the detailed step by step operation involved in acéoni_plishing the testing,

4.2 RESULTS OF DEMONSTRATION TESTS

4.2.1 Performance Dembﬁstration of Interim Configur_ation

The performance of the radar in the non-cooperative ﬂ:gode was demonstrated to NASA JSC
on 26 March 1974 to 28 March 1974. The demonstration procedure is shown in

Appendix 1.

When the transmitter was allowed to radiate into space, reflected signals from buildings in
the vicinity completely masked the simulated target. For this reason, the RF silencer was
attached to the horn feed for the first series of tests. The hat coupler reduces the radiated
signal significanily, allo“ring the insertion of a full range of simulated signals. The RF
‘gilencer absorbs the en'e'rgy from three of the four horns and loosely couples a signal from
the fourth horn. A test signal may also be inserted into the horn. An attenuation of 30 dB

is exhibited in the RF sileﬁcer. The first series of test were perfori_ned with the RF silencer.
Several acquisitiong were made at each of three simulated ranges, 7 nmi, 3.5 nmi and 319 ft.

The results of these acqﬁiisjitioﬁs are shown in the data sheets attached.
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. Table A (page 33) gives the data analysis for the test at 7 nmi setnng. The test equ:lpment
range setting is teib&iz;ted in the first two columns. The conversion from WORD to FEET
involves a multiplica._tlon by the bit size (4,69 fi/bit) and subtraction of 150 feet due to cali-
‘bration of the range simulation setup, used in all tests. The third and fourth columns give
the radar output data, where the conversion from WORD to FEET uses the bit size of 9. 38
ft/bit, The differenée_ in feet is listed in the fifth column. Corresponding columns of Tables

Band C {pages 34 and 35) cover tests at about 3.5 nmi and at 319 ft,

Colurns 6 to 10 summarize the range rate data. The test equipment available from LM
program was designed to test range rate in the cooperative mode qsing a transponder, but
did provide a method of checking system operation without a i_:ran_spbnder. This latier test
function is used in the tésfs reported here, but since the test equipment in this mode does
not have a locked-in r-f sou.rce there is a variable offset in the doppler data due to oscilla-

tor frequency variatmns

The test equipment displays half the doppler frequency (f d/z in column 6) and the range ratc
in feet per second to which this corresponds (column 7) is given. by the following relation,

including the offset mentioned above,

Simulated Range Rate = 11 5 d/z + OFFSET)

The following relation shows the conversion from the range rate word generated by the

radar (column 8) and the measured range rate in feet per second (column 9),
Measured Range Rate = % {RANGE RATE WORD - 21250)

The difference between simulated and measured values is tabulated in column 10. The value
for OFFSET was assumed to be constant for each set of five tests, and was set so the differ-
ence (in column 10) is zero for the first test. The variation in the fol-iowing four tests there-

fore includes the changes in radar error and the test equipment instél.bility.

Column 11 gives the AGC and column 12 the time to achieve acquisition and a data good

indication for each test.
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During these tests selected points were monitored and photographed. Photographs { and 2
show the relationship betwe on the receiver and (v tix-u:iuv{ o tmm e upper {raco. in
both cases, is the LO gate drive signal and the lower frace is the detoctod transmitter output,
In both cases, a low level represents an ON condition and a high level represents an OFF
condition. Photographs 3 shows the 6. 8 MHz. wideband signal to tho signal processor for g

7 nmi simulated signal. The return signal is not readily visible due to the low signal to
noise ratio Photographs 5 and 6 show the high and mid tone respectively under this low
signal to nmse ratio, Photographs 4 and 7 show the high frequency and low frequency signal

for a 40 dB increase in 51gna1 to noise 4000 feet simulated range.

Photographs 8, 9 and 10 are spectral photographs of the mid, low a.nd high frequency tones
respecnvely. These spectrums were measured at the output of the mgnal processor,
Photograph 11 shows the signal processor input with strong signal and maximum eclipsing.

The signal can easﬂy be observed at the instant the receiver is turned on,

Following these tests, the RF sﬂencer was removed. Reflected energy from various fixed

targets in the area were observed and tracked, including bu11d1ngs ‘towers, and an alummum
coated block. '

The tranSm;Ltter was then de-activated and the radar ability to acquire and track a movmg

target from a scan pattern was demonstrated using simulated s1gna1

¥
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ORIGINAL PAGE IS
OF POOR QUALITH

Photograph No. 1

Receiver Gating (0.5 pSec/Div)

Upper Trace - Receiver Gate
(Low = Receiver On)

Lower Trace — Transmit Pulse
(Low = Transmitter On)

Photograph No. 2
Receiver Gating (2 pSec/Div)
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ORIGINAL‘ PAGR
OF POOR QUALI’I?

Photograph No, 3

Received Signal - Maximum Range
(2.0 pSec/Div)

Upper Trace - Receiver Gate
(Low = Receiver On)

Lower Trace - 6.8 MHz Wideband
(1V/Div)

Photograph No, 4

HF Receive Tone - Strong Signal
(Time Base = 1 uSec/Div)
(Sensitivity =2 Volts/Div)
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Photograph No. 5
HF Receive Tone - Weak Signal

Photograph No. 6

MF Receive Tone - Weak Signal
(Time Base = 50 uSec/Div)
(Sensitivity = 5V/Div)
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Photograph No. 7

LF Receive Tone - Strong Signal
(Time Base = 5 msec/Div)
(Sensitivity = 5V /Div)

Photograph No. 8

Spectrum - MF Receive Tone
Dispersion - 1 kHz/Div
Bandwidth -1 kHz

ORIGINAL PAGE }
OF POOR QUAL
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Photograph No. 9

Spectrum - LF Receive Tone
Dispersion - 20 Hz/Div
Bandwidth - 20 Hz

Photograph No. 10

Spectrum - HF Receive Tone
Dispersion - 1 kHz/Div
Bandwidth - 1 kHz

* ORIGINAL PAGE'TH
OF POOR QUALITY
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Photograph No. 11

Receive Signal - Minimum Range
(2 pSec/Div)y

Upper Trace - Receiver Gate
(Low = Receiver On)

Lower Trace - 6.8 MHz Wide Band
(1V/Div)
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RREA 42

AA-17 W/HAT COUPLER
Digital Delay Unit Setting:
T-RR Path Attenuation Setting: 64 dB

7T nmi

Table A. Tracking Technique Radar Test Data
Interim Configuration

’- Column |
_Number 1 2 3 4 5 6 T 8 9 10 1 12
_ , " o AGC | acQ Timd
. Range - Range Rate vDC - See-.
' T/E Input Radar Output Delta " T/E mput Radar Output Delta
Word  Ft word  Ft Ft £4/2 Ft/Sec I} Word  Ft/Sec . Ft/Sec .
1 9074 42407 4520 42397 ~10 -1001 Hz 501.5 22253 501.5 0 +0. 8 a1
2 9074 42407 4520 42397 ~10 -1001 Hz 501.5 22253 501, 5 0 +0,8° 8.3
3 9074 42407 4520 42397 -10 ~1001 Hz 501.5 22253 501,5 0 +0.78 10.3
4 9074 42407 4520 42397 -10 -1001 Hz 501.5 22252 501 -0.5 +0.8 9.4
5 2074 42407 4520 42397 ~10 ~1001 Hz 501.5 22253 5015 0.5 +0.8 9.5
@) —
6 9074 42407 4520 42397 -10 -3003 Hz 296,5 21843  296.5 0 +0, 78 9.3
7 " 9074 42407 4520 42397 -10 -3003 Hz 296, 5 21843 296.5 0 +0.8 10,7
8 9074 42407 4520 42397 -10 -3004 Hz 296,5 21821 285.5 ~11 +0, 8 0.2
9 5074 42407 4520 42397 -10 ~ -3005 Hz 296.5 21820 285 ~11,5 +0. 8 9,5
10 9074 - 42407 4520 42397 = -10 -3005 Hz 296.5 . 21820 285 -11.5 _+0;3 9.4

@)

(1) " Corrected for T/E Bias
Changed Doppler Selector Ft/Sec Setting
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Table B. Tracking Technique Radar Test Data
Interim Configuration

AA-17 W/HAT COUPLER
Digital Delay Unit Setting:
T-RR Path Attenuatipn Sefting: 52dB

3.5 nmi

@

Changed Doppler Selector Ft/Sec Setting

!, Column -
Number .1 2 3 - 4 5 ‘6 7 -8 9 10 © 11 12 .
BRI P | B | AGC | ACQ Time
Range : Range Rate vDC . Bec
T/E Input Radar Output Delta T/E Input Radar Output Delta '
Word  Ft Word  Ft Ft £4/2 Ft/Sec”  Word  Ft/Sec  Ft/Sec
1 4540 21143 2253 21133 -10 -3004 Hz 239,5 21729 239.5 0 +0,92 ‘ 3.7
© 2 4540 21143 2254 21142 -1 -3004 Hz 239.5 21729 239.5 0 +1. 23 1 8.9
3 4540 21143 2254 21142 -1 -3004 Hz 238.5 21733 241.5 +2 +1.29 10,7
- 4 4540 21143 2255 21152 +9 -3004 Hz 239.5 21728 239 -0.5 +1.23 9.0
& 4540 21143 2255 21152 +9 =3002 Hz 239.5 21733 241.5 +2 F1. 23 B.9
@y—
6 4540 21143 2255 21152 +9 -1001 Hz 443,5 22137 443.5 0 +1o 5,9
T 4540 21143 2255 21152 +9 -1001 Hz 443.5 22140 445 +1. 5 +1. 0% 9.0
8 4540 21143 2255 21152 +9 -1001 Hz 443,5 22143 446.5 +3 +1, 24 B.9
9 4540 . 21143 = 2255 21152 +9 ~ -1001 Hz 443,5 22144 447 . +3.5. 1,4 9.3
10 4540 21143 2255 21152 +9 . -1001 Hz 4435 © 22145 4475 +3.5 .29 8,3
{1y Corrected for T/E Bias




G¢

'RREA 42

Table C. Tracking Technique Radar Test Data
Interim Configuration

AA-17 W/HAT COUPLER
Digital Delay Unit Setting: 94 Ft,
TfRR Path Attenuation: 7 dB
Column ‘
Number 1 2 3 4 5 6 T 8 9 10 11 S12 ‘
S ' o ' - o ' AGC [ ACQ Timef "
Range ‘ ~ Range Rate VD Sec
T/E Input Radar Outpﬁt Delta T/E Input Radar Qutput Delta
Word Tt Word Tt Ft £4/2 Ft/sec’  Word  Fi/Sec  Ft/Sec

1 100 319 34-35 819-328  .0-9 -1701 347.5 21945  347.,5 0 +2.44 5.7

2 100 319 34-35 319-328  0-9 1701 347.5 21945  347.5 +0,5 +2. 43 8.9

3 100 319 34-35 319-328  0-9 ~1701 347.5 21946 348 +0.5 +2.43 9.7

4 100 319 34-35 319-328  0-9 -1701 347.5 21946 348 +0.5 +2. 44 8.9

5 100 319 34-35 319-328  0-9 -1702 347.5 21949  348.5 +1 +2, 44 8.7

& A ;

6 100 319 34-35 319-328  0-9 -3004 221 - 21692 221 0 +2.43 9.3

7 100 319 '34-35 319-328  0-9 -3004 221 21692 221 0 +2,43 K. 8

8 100 319 34-35 319-328  0-9 -3004 221 21692 221 0 +2. 44 8.8

9 100 319 34-35 319-328  0-9 -3004 221 - - 21694 222 +1 2,441 9.3

10 100 319 34-35 319-328  0-9, 3004 221 21694 222 1 +2.43 8.7

1)
()

Corrected for T/E Bias
Changed Doppler Selector Ft/Sec Setting



4.2.2 Performance Demonstration of Final Equipment Conﬁguration

The performance of the radar in the final equipment configuratioﬁ was demonstrated to
NASA-JSC on 19 Novem__b_e‘r 1974 to 22 November 1974. The procedure was essentially
identical to the interim t’ést procedure shown in Appendix I, The main difference was that

the tests were performed with ;ind without frequency diversity.

Tables D, E, F, and G give data analysis for the tests without freqﬁéncy diversity at
simulated ranges of 7 nmi, 3,5 nmi, 1.75 nmi and 469 feet respeétively. The format is
the same as before. Corréspondingly, Tables H, I, J, and K give the data analysis for the
frequency diversity tests at 7 nmi, 1,75 nmi, 3.5 nmi and 469 feet relspectively.

As was noted in the discussion of the interim configuration tests, the r—f source in the test
equipment is not locked tp the radar r-f source. Therefore any frequency difference between
these separate sources shows up as an apparent doppler shift, and therefore causes an

apparent error in target velocity.

In correcting for this test equipment error, the value of ft/sec for the test equipment input
{column 7) was offset by an amount to make the DELTA Ft/Sec value zero for the first of
each set of five points, ras was done in the interim configuration tests; - In addition, in the
final configuratio.n- tests, fhe frequency of the 102 MHz oscillator in the tesf equipment was
measured, and then if the measurement changed within a set of five pbints, this change was
used to correct the following four points. Perfect correction was not expected, .sin‘ce the
resolution of the frequency measurément was not as good as desired (5 ft/sec) and changes
in the 102 MH=z oscillator.i;n the radar were not measured. The appa_fent changes of target

velocity measurement observed are consistent with the errors inherent in this process,

The ability of the radar to acquire a moving target from the scan pé.ttern and to frack the
target once acquisition waé achieved was demonstrated. The data measured is shown in
Table L. This data indicates acquisition with and without frequency diversity and at
angular rates of 3 mr/sec and 14 nir/sec. It should be noted that the simulated range
was increased by 150 feet to account for the longer range to the target horn relative to

the hat coupler.
36
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T-RR Path Attenuation: 64 dB

Table D. Tracking Technique Radar Test Data
Final Configuration

AA-17 W/HAT COUPLER
Digital Delay Unit Setting: 7 nmi

Fixed Frequency

-

|- column

Number | 1 2 3 4 5 8 7 8 9 w1 12
- AGC ACQ Time

Range Range Rate Volts Sec

T/E Input Radar Qutput Delta T/E Input Radar Qutput l.)elta

Word Ft Word Ft Ft £,/2 Ft/Sec(l)  Word  FtfSec  Ft/Sec
1 9074 42557 4535 42538 -19 ~ 800 Hz 221 21692 2210 0.0 0.82 10.4
2 9074 42557 4535 42538 -19 ~ 800 Hz 221 21689 219.5 -1.5 | 0.82 9.8
3 9074 42557 4535 42538 -19 -~ 800 Hz 221 21688 219.0 -2.0 0.82 10.7
4 9074 42557 4535 42538 -18 - 800 Hz 221 21683 216.5 -4.5 0.82 10.7
5 9074 42557 4535 42538 -19 - 800 Hz 221 21683 216.5 -4,5 0.82 9.4

V ' | [ pe—

6 9074 42557 4535 42538 -19 ~1700 Hz 125 21500 125.0 0.0 0.82 11.8
7 9074 42557 4535 42538 ~19 -1700 Hz 125 21499 124,5 -0.5 0.82 9.7
8 9074 42557 4535 42538 -19 . | -1700 Hz 125 21499 124,5 -0.5 o.szl‘ 10.0
9 9074 42557 4535 42538 -19 | -1700 Hz 125 21498 124,0 -1.0 0.82 10.3
10 | 9074 42557 4535 42538 -19 -1700 Hz 125 21500 125.0 0.0 0.82 10.1

(1) Corrected for T/E Bias
(2) Changed Doppler Selector Ft/Sec Setting
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RREA 42

AA-17 W/HAT COUPLER

Digital Delay Unit Setting: 3.5 nmi

T-RR Path Attenuation: 52 dB

Fixed Frequency

Table E.

Final Configuration

Tracking Technique Radar Test Data

Number 1 2 3 4 5 6 7 B. 9 10 11 12
. AGC ACQ Time
Range Range Rate Volits’ Sec
T/E Input Radar Qutput - Delta T/E Input Radar Output Delta
Word Ft Word Ft Ft f,/2 Ft/sec)  word  FifSec  Ft/Sec
1. 4540 21293 2267 21264 -29 - 800 Hz 242.5 21735 242.5 0.0 1.41 9.1
2 4540 21293 2267 21264 -29 - 800 Hz 242.5 21730 240.0 -2.5 |7 1.42 9.1
3 4540 21293 2267 21264 -29 - 800 Hz 237.5 21725 237.5 0.0 1.36 9.1
4 4540 21293 2287 21264 -29 ~ 800 Hz 237:5 21722 2360 -1.5 1.38 9.0
5 4540 21293 2267 21264 -29 - 800 Hz 237.5 21718 234,0 -3.5 1.41 9.1
b 2)——s ,
6 4540 21293 2267 21264 ~29 “1T00 Hz 28575 21555 2567.5 0.0 1.39 10.0
T . | 4540 21293 2267 21264 -29 ~1700 Hz 257.5 21570 260.0 +2,5 1.42 9.1
8 . 4540 21293 . 2267 21264 -2¢° | -M700Hz " 257.5 . 21570 ‘260.20-, 2.5 1.36 9.1
9 | 4540 21203 2267 21284 -29 | -1700 Hz  262.5 21565 259.0 4.5 | 1.38 10.0
10 4540 21293 21264 -29 -1700 Hz 272,5 21586 268.0 -4.5 1.42

2267

9.2 ‘

(1} Corrected for T/E Bias
- (2) "Changed Doppler Selector Ft/Sec Setting



Table F. Tracking Technique Radar Test Data
Final Configuration

RREA 42 AA=17 W/HAT COUPLER
Digital Delay Unit Setting: 1.75 nmi
T-RR Path Attenuation: 40 dB

Fixed Frequency

6%

Columri : R - R e o PR .

Number | ~1- 2 - .3 4 . . . R A S 9. 1 - 1 12 -
. AGC ACO Time
Range Range Rate Volts Sec
.T/E Input Radar Qutput Delta . T/E Input Radar Output Delta ’
Word Ft Word Ft Ft £,/ Ft/Secll)  Word  Ft/Sec = Ft/Sec
1 2270 10646 1134 10637 -9 -1700 Hz 134,60 21518 134,0 0.0 1.73 11.8
2 2270 10646 1134 10637 -9 -1700 Hz 134,0 21516 133.0 -1.0 1.58 12.1
3 2270 10646 1134 10637 -9 -1700 Hz 134.0 21514 132,0 - -2,0 | - 1.87 14.4
4 2270 10646 1134 10637 -9 -1700 Hz 134.0 21510°  130.0 -4.0 1.58 12.9
5 2270 10646 1134 10637 -9 -1700 Hz 129.¢ -~ 21509 i29.5 +0.5 1.58 10.7
| &—

"8 22170 10648 1134 10637 -9 - 800 Hz 216.5 21683 216.5 0.0 1.58 9.7
7 2270 10646 1134 10637 -9 - 800 Hz 216,5 21677  213.5 3.0 1.67 4.0
8 2270 10646 - 1134 10637 ‘ ‘- -9 | - 80HZ 216.5 . 2167 213.0° -3.5 1,73 o111
9 2270 10646 1134 10637 -9 - Boﬂle;s 216.5 21572 211.0 -5.5 1.73 11,0
10 | 2270 10646 1134 10637 -9 - 800 Hz 211,5 216170 210.0 -1.5 1.73 9.6

(1) Corrected for T/E Bias
(2} Changed Doppler Selector Ft/Sec Setting
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RREA 42

AA-17 W/HAT COUPLER
Digital Delay Unit Setting: 94 ft

T—Rﬁ Path Atteruation: 0 dB

Fixed Frequency : o

Table G. Tracking Technique Radar Test Data
Final Configuration

Column “'| . . . ‘ . - i
Numbe 1 3 4 5 6 7 8 9 10 11 12
AGC ACQ Time
Range Range Rate Volts Sec '
T/E Input Radar Output Delta T/FE Input . Radar Output Delta
Word Ft  Word Ft Fi i/2  Ft/Sec!’  Word . ' Ft/Sec  Ft/Sec
1 100 469  51-52  478-488  +9-19 | S00Hz  332.5 21915 33,5 0.0 | 2.45 10.2
2 100 469  51-52  478-488  +0-19 | 800Hz  332.5 21909  329.5 3.0 | 2.45 10,8
3 100 469 = 5152  478-488  +9-19 | 800Hz  332.5 21906  328.0 -4.5 | 2.45 9.7
4 100 469  51-52  478-488  +9-19 | 800 Hz  327.5 21905  827.5 0.0 | 2.45 9.7
5 100 469  51-52  478-488  49-19 | 800 Hz  327.5 21898  324.0 -3.5 | 2,45 10.0
(2)—
6 100 469 51-52  478-788  +9-19 | 1700 Hz  229.5 21709 229.5 0.0 | 2.45 9.4
7 100 469  51-52  478-488  +0-19 | 1700 Hz  229.5 21706  228.0 1.5 | 2.45 9.7
8 100 469 51-52  478-488. +9-19 |1700Hz = 229.5 . 21703 226,56  -L.5 | 2.45 9.7
8 100 469  51-52°  478.488  +9-19 |1700Iiz = -224.5 - 21688  219.0° 5.5 | 2.45 9.6
10 - 100 469 51-52  478-488  +9-19 | 1700 Hz  224.5 21683  216.5 -8.0 | 2.45 9. %

{1} Corrected for T/E Bias
(2) Changed Doppler Selector Ft/Sec Setting
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Table H. Tracking Technique Radar Test Data
Final Configuration

RREA 42 AA-17 W/HAT COUPLER
Digital Delay Unit Setting: 7 nmi T
T-RR Path Attennation: 63 dB

Frequeney Diversity
Column - _ o - _ C e o =
Number | = 1 .2 8. 4 5 6. 1 g 9 10 11 12
‘ S S - AGC | ACQ Time
Range Range Rate Volts Sec
T/E Input Radar Ouiput Deita T/E Input Radar Qutput Delta .
‘Word Wt Word Ft |1/ Ft/Sec? Word  Ft/Sec  Ft/Sec
1 9074 42557 4535 42538 -19 -800 Hz 342.5 21935 342.5 0.0 0.82 10.4
2 9074 42557 4536 42538 -19 -800 Hz 347.56 - 21948 349,0 1.5 0,82 10,1
3 8074 42557 4535 42538 -19 -800 Hz 347.5 21953 351.5 4.0 0.82 9.9
4 9074 42557 4535 42538 ~19 -800 Hz 352.5 21959 354.5 2,0 0,82 10.8
5 9074 42557 4535 42538 ~-19 -SGO Hz 362.5 21965 357.-5 5;0 0,82 10,4
@)~
_ 6 . 8074 42557 4535 42538 -19 -1700 Hz 129,0 21508 129,0 0.0 0.82 13.6
7 2074 42557 4535 42538 -19 -1700 Hz 129.0 21510 130.0 1.0 0,82 12,3
‘8 9074 42557 4535 _ 42‘538 ) -19 -1700 Hz 128,0 21512 131.0 ‘ ‘2 .0 0.82 13.4
9 | 9074 . 42.557 - 4535 - 42538 -19 -1700 Hz . l29. ] 21516 . 132,5 © 3.5 0.82 16.8
- 19 ‘ 9074. © 42557 4,535 42538 °  -19 - 1700 Hz. 134. 0 21520 155. 0 1.0 0,82 . 12,8

" (1) Corrected for T/E Bias
(2) Changed Doppler Selector Ft/Sec Setting
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Table I.

RREA 42 AA-17 W/HAT COUPLER
Digitai Delay Unit Setting: 3.5 nmi
T-RR Path Attenuation: 52 dB
Frequency Diversity

Tracking Technique Radar Test Data
Final Configuration

Column | . - ‘ o o L -
Number | * 1 2 .. 3 4 5 6 7 8 9 10 11 12
- ' AGC | ACQ Time

Range Range Rate Volts Sec

T/E Input Radar Output Delta T/E Inpui Radar Output Delts

Word  .Ft Word Ft Ft £/ rt/sec™ Word  Ft/Sec Ft/Sec
1 4540 21203 2267 21264  -29 | -1700 Hz 175.5 21801  175,5 0.0 1.41 8.9
2 4540 21203 2267 21264  -29 | -1700 Ha 175.5 21599  174.5 -1.0 1.42 9.1
3 4540 21203 2267 21264  -29 |-1700 Hz 170.5 21593 1715 +1,5 1.41 9.1
4 4540 21203 2267 21264  -29 | -1700 Hz 170.5 21588  169.0 -1.5 1.36 9.3
5 4540 21203 2267 21264  -20 | -1700 Hz 170.5 21584  167.0 -3.5 1.41 9.0

@)—

6 4540 21203 2267 21264  -29 | -800Hz = 2550 21760  255.0 0.0 1.38 9.1
7 4540 21293 2267 21264  -20 | -800 Hz 255.0 21760  255.0 0.0 1.39 9,4
8 4540 21293 2267 21264  -20 | -800 Hz 255.0 21757  268,5  +43.5. | 1.36 10.1
9 4540 21203 3267 . 21264 . -29 | -800 Hz 255.0 21757  268.5 3.5 | '1.38 9.3
10 4540 21293 2267 21264  -29 | -800 Hz 255,0 21755  257.5 +2.5 | 1.38 10.0

{1} Corrected for T/E Bias |

(2) Changed Doppler Selector Ft/Sec Setting




Table J. Tracking Technique Radar Test Data
Final Configuration

RREA 42 AA-17 W/HAT COUPLER
Digital Delay Unit Setting: 1.75 nmi
T-RR Path Attenuation: 40 dB

4

Frequency Diversity
Column | . , SR | ¥ o : e _ S
Number 1 2 - 3. 4 & ... 8 T 8 e 1 11 12
- | Acc | ACQ Time
. Range Range Rate Volts Sec
T/E Input Radar Output " Delta T/E Input Radar Output Delta
Word  Ft Word Ft Fi fd/2 Ft/sec™  word  Ft/sec  Ft/Sec
1 2270 10646 1134 10637 -9 ~800 Hz 244,0 21738 244.0 0.0 1.74 11.0
2 2270 10646 1134 . 10637 -9 -800 Hz, 244.0 21736  243.0 -1.0 1.61 10,6
3 2270 10646 1134 10637 -9 -800 Hz 239.0 21782  241.0 +2.0 1.61 13.7
4 2270 10646 1134 10637 -9 _800 Hz 239.0 21727  -238.5 -0.5 1.61 11.8
5 2270 10646 1134 10637 -9 ~800 Hz 239.0 21725  237.5 -1.5 | Le1 11.1
(2) - .
6 2270 10646 1134 10637 -9 |-1700 Hz 142.5 21535  142.5 0.0 | 1.74 12.8
7 2270 10846 1134 10637 -9  |-1700 Hz 142.5 21534  142,0  -0.5 1.69 9.7
8 2270 10646 1134 10637 -9 = - |-1700 Hz 42,5 . 21530  140.0 - -2.5 | 1,74 10.0
9 2276 10646 . 1134 10637 -9 |-1700 He 12,5 21528  189,0 -3.5 | .74 13.8
10 2270 10646 1134 10637 -9  |-1700 Hz 142.5 21525  137.5 -5.0 1.61 11,1

(1) Corrected for T/E Bias
(2) Changed Doppler Selector Ft/Sec Setting
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RREA 42

AA-17

Table K. Tracking Technique Radar Test Data

Digital Delay Unit Setting: 0
T-RR Path Attenuat_ion: 0dB

Frequency- Diversity

Final Configuration

"CQIumn' :

Number | 1 2 3 4 9" 10 11 12
' AGC ACQ Time

Range Range Rate Volts Sec

T/E Input Radar Output Delta T/E Input Radar OQutput Delta

Word' Ft Word Ft Tt fq/2 Ft/Sec @) Word Ft/Sec Ft/Sec
1 100 469  51-52  478~488 . 9-19 -800 Hz 289 21828  289.0 0.0 -2.48 9.8

2 100 469  51-52  478-488  9-19 ~800 Hz 289 21822  286,0 -3.0 +2,48 9.6 .
3 100 469  51-52  478-488  9-19 -800 Hz 289 21820  285.0 ~4.0 2,48 9.1
4 100 469 51-52  478-488  9-19 -800 Hz 279 21810 280, 0 +1.0 +2.48 9.3
5 100 469 51-52  478-488  9-19 -800 Hz 279 21810  280.0 +1.0 £2.48 10.0
@— |

6 100 469  51-52  478-488  9-19 | -1700 Hz 210 21670 210.0 0.0 12,45 9.5
7 100 469 51-52 . 478-488  9-19 | -1700Hz 210 21670 210.0 - 0.0 | =2.4% 9.7
) 100 469  51-52  475-488 9-19 . | -1700Hz ‘205 21662 206.0 +1,0 | -<2.48- 9,6
9 100 469  51-52  478-488  9~19 | -1700Hz 205 21659  204.5  -0.5 -2.45 | 10.0
10 - 100 469  51-52  478-488 9-19 -1700 Hz 205 21654 202.0 "=3.0 +2, 45 9.9

(1) Corrected for T/E Bias

(2) Changed Doppler Selector Ft/Sec Setting
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(1) Corrected for T/E Bias

Table L. Tracking Technique Radar Test Data
Final Configuration
RREA 42  AA-17 W/O HAT COUPLER
' Digital Delay Unit Setting: 7 nmi
l T-RR Path Aftenuation: 53 dB
Column - . o N
Number 1 2 3 4 5 6 7 8 9 10 11 12 . 13 14
. AGC ACQ Time | Target Fixed/
Range Range Rate Volts Sec Rate Diversity
T/E Input Radar Qutput Delta T/E Input Radar Output Delta 1
Word Ft  Word Tt Ft f/2  Fi/Sec™  Word  Ft/Sec  Ft/Sec Mr/Sec
1 9076 42725 4550 42679  -46 | -700 Hz 292 21834  292.0 " 0.0 +1.18 22.8 2 Diversity
2 9076 42725 4550 42679  -46 | =700 Hz 202 21835 292,56 +0,5 +1.19 7.3 3 Diversity
3 9076 42725 4550 42679  -46 | =700 Hz 202 21835  292.5 +0.5 +1,16 17.2 3 Diversity
4 9076 42025 4550 42725  -46 | -700 Hz 202 21836  293.0 +1.0 +1.19 17.3 3 Fixed
5 9076 42725 4550 42679  -46 | -700 Hz 203 21856  303.0 0.0 +1,28 16.9 _ 14 Diversily
8 9076 42725 4550 42679  -46 | -700 Hz 308 21854  302,0 -1.0 +1.30 18.1 14 Diversity
7 9076 42725 4550 42679  ~46 | -700 Hz 303 21854  302.0 ~1,0 +1.32 17.7 14 Diversity
8 9076 43725 4550 42679  -46 | -700Hz 303 21851  300.6 -2,5 +1.35 31.8 14 Fixed
9 9076 42725 4540 42679  -46 | -T00Hz . 308 21855 . 302.5 -0.5 | +L.28 | 19:5 14 Fixed - |
‘1‘0 : 9076 42725 4550 42679 -46 | -700 Hz 303 . 21854  302.0 -0 | +na2e | 34.6 14 Fixed | _;




Two additional tests wew {)el'fornled using the non-cooperative mode transmitter,  VFirsl,
the transmitter output v.'u-. connected to range target horn and radiatud acvoss tho lest
range to the radar. -Seco'nd, the transmitter output, at the target _tﬁwn_t-. {huiminatod an
aluminum coated ballooﬂ which was tracked by the radar., During 'tmth test the vange rate
readout indicated a stationary target, zero doppler shift, at a rangé of 375 feet, range word
equals 40, This 1nd1cated a bias errorx of 125 ft due to the tone ahgnment of the transmitter,

The transmitter will be reahgned to remove this bias error.
" The radar was then converted to the cooperative mode and proper operation was verified.

The radar was reconﬁ-gui'ed to the non~-cooperative mode. Data was taken indicating AGC
readings at various attenuator settings at each of the 5 PRF's in the frequency diversity

4

mode, This data is summanzed in Tables M, N and O,
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- Table M. AGC Versus Attenuation
- 2.8 nmi Delay
PRF
Attenuation I | 2 3 4 5

60 | R - - R 0,97V
30 1 1.32v 1.52V- 1.77V 1.90V 1.98V
20 1 1.s5v 1.92V 2,09V 219V 2.25V
10 o 1.94v 2.21V - 2,33V 2,40V 2,42V

0 2,21V 2.41V 2,46V 2,48V 2.49V

— = Receiver not locked.
Table N. AGC Versus Attenuation
© ' 3.2 nmi Delay
PRF | ’ :
Attenuation 1 1 2 3 4 5
60 - |1.ssv 1,42V 1.42V 1.36V 1.27V
50 o 1.72v 1,73V 1.74V 1,72V 1.69V
YR 1 1.87v 1.88V 1.89V 1.87V 1.85V

30 | 2.14v 2,15V 2.15V 2,12V 2,09V
20 "-.‘;‘2.-35V" 2,37V 2,37V 2.35V 2.32vV
10 | 2,45V 2,45V 2.46V 2.45V 2,44V

0 | 2.49v 2,49V 2.49V 2,49V 2.49V -
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Table O. AGC Versus Aitenuation
4.2 nmi Delay

PRF
Attenuation~_ | 1 2 3 4 5

60 1 1.27v 1.25V 1.19v 1,08V 0,88V
50 Loy 1.48V | 1,43V 1.39v 1.31V
40 1.88V 1.87V 1.81V 1.72V 1.58V
30 2,18V 2,17V 2.12V . 2,06V | 1.96V
20 238V | 2.38v 2,35V 2,30V 2.23V
10 2,47V | 2,48V 2.46V 2.44v | 2,41V
0 | 2519 2,51V 2.51V 2.50v | .2.48V
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PART IV ,
" DETAILED EQUIPMENT DESCRIPTION

v

1.0 DESCRIPTION OF OPERATION

The following is a detailed discussion of the operation of the functional subassembly.

1.1 ANTENNA ASSEMBLY .
1.1.1 General

The Radar Antenna consists of an antenna pedestal and base mounted on the outside structural
members of the LM. The antenna pedestal includes rotating assemblie_s which contain
various radar componei_;ts'.;"__’.[‘he rotating assemblies are balanced ebeuf a shaft axis and 'a
trunnion axis. The trunnioz.l: 'axis. is perpendicular to, and intersect.s, i}he shaft axis. The
antenna reflector together_w_ith the microwave and r-f compohents are assembled at the top
of the trunnion axis. - This agsembly is counter-balanced by the trunnion axis rotating
components such as the gjrres resolvers and drive motors which are mOunted below the
shaft axis. Both groups of components, which are opposite each other, revolve about the
shaft axis. This balanced arrangement requires less drlvmg torque and reduces the overall

antenna weight,

The Rendezvous Radar is en:amplitude comparison monopulse (simu_ltsineou lobing) gystem,
The Radar Antenna usee'e'. ::24-inch diameter parabolic reflector with a Cesseg_rainian,feed. _
In this system, a conventiohal four horn feed illuminatee a hyperboioidai sub-reflector which
is located to reflect the r-f energy back to the main parabola. The parabohc reflector
collects this r-f energy and forms a directional beam. The radar antenna operates in

the X-band region with a gam exceeding 32 dB. The output signal radlated from the antenna

is circularly polarized in order to minimize gignal losses due to vanaj:mns in ai:tltude between
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the radar and the target, A ferrite phase modulator excited by three different sub-r-f
frequencies varies the bhaée characteristics of the r-f energy so that accurate, nonambig-

uous range tracking is obtained.

The antenna assembly ivaé modified to incorporate the non—coope;aﬁ-fe target tracking
mode and frequency di\.rersity The modifications are shown in Figure IV-1. The phase
modulator was removed and the directional coupler output port was termmated The TWT
signal was routed via the shaft and trunnion rotary points to the antenna hybmd ‘A SPDT
diode switch has been added at the chain output to gate the flrst LO and to select the proper
L.O. frequency. Operation of the PIN diode is discussed in Section 1.2.1. '

Each antenna axis is c_:ohtrb'l‘led in angle by a servo system that has 2 bandwidth of 1 eycle.
The main radar servo trécking loops enclose secondary gyro stabilization loops. Rate
integrating gyros are used in an integrating configuration so that ihertial space conditions
can be designated and héld despite vehicle body movement, A clustéi' of four gyros are

used for greater reliabﬂity. The outputs of the gyros are monitored by a voting amplifier

COOPERATIVE MODE
L.O.

) A - .
X
w2 e [T
| NON COOPERATIVE MODE |
L.O.

!

oMo, | | PN X
" CHAIN D , piooe [——L 1 . HYBRID

[ T

TRANSMITTER
NON-COOPERATIVE MODE

-"Fig'ure IV-1. Antenna Assembly Modification
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which weighs the gyro iﬁformation and, if necessary, performs a SWitching function to provide
the gyro stabilization loops with optimum control signals, Inthis manner, compensatlon is
made for excessive gyro drift or complete failure of a gyro or component of an associated
stabilization loop_. Each sérvo is capable of being slewed at an inertial rate of 3 degrees

per second. Direct drive brushless motors are used in each axis.

With the waveguide run required for the non-cooperative mode, coverege is provided from
+25 degrees to +180 degr‘ees from the horizonial. The antenna tru_nmon axis provides

antenna travel of 70 degrees to either side of all shaft axis positions.

1.1. 2\ Microwave Subae_se'mbly

The Microwave Subassembly consists of an- Antenna Subassembly Four Horn Feed, Pole.rize'r, _
Dual Mode Transition, Phase Shifters, Comparator, Transmitter Distribution Network, and
Local Oscillator distribution hetwork, shown in Figure IV-2. This subassembly (1) transmits
the output of the high-povﬁer,multiplier chain or the noncooperative mede transmitter to the
feed horn; (2) accepts the reeeived r-f signals coming through the feed horn and directs these
signals through the comparator to the mixers; and (3) distributes a portion of the r-f energy

from the high power mu1t1pher chain as a local oscillator signal to the three mixers.

The Antenna Subassembly is a Cassegrainian type and censists of a parabolic primary
reflector and a hyperbohc secondary reflector. The secondary reflector is located in front
of the focal point of the parabolmd It reflects the r-f energy radiated from the feed horn
back to the parabolic reﬂector. The energy is formed into a narrow bee.m by the parabolic
reflector and radiated 1nto space. The choice of focal length for a parabohc antenna
reflector depends upon the radlauon pattern of the feed for the antenna. A paraboloid of
given diameter may use a short focal length, with the feed assembly mounted inside the
mouth of the reflector, or a long focal length, with the feed assembly located far in front
of the parabolic reflector.. A short focal length will result in non—umform 111um1natlon of
the paraboloid due to the d1rect1v1ty of the feed assembly. This will reduce the useful
diameter of the reﬂector and lower the antenna gain. A long focal length provides essentially

uniform illumination of the paraboloid but allows some of the radiated r-f energy from the
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feed to spill over the edge of the reflector. Also, as focal length is mcreased the overall
beam angle of the main lobe is narrowed, but an increase in secondary side and back lobes
will lower antenna gain. A ratio of focal length to diameter of apprommately- 0.35isg an

effective compromise between the various factors.

The Cassegrainian technique employed allows a short focal length (F/D ratio of 0.375) to -
minimize side lobes that wbuld result from a spill-over of r-f energy. In addition, the
main lobe beam width is narrowed to less than four degrees because the parabola receives
a more uniform 1Hum1nat10n provided by the divergent reflection charactemsncs of the .
hyperbola. Add1t10na1 considerations affecting the selection of an F/D ratio for this appli-
cation are strength—to—welght ratio, and overall dimensions of the Cassegrmman de51gn that
will permit the antenna assembly to perform within the allotted space. The gain of the
antenna assembly is greater than 32 dB. The following is a list of antenna charactensttcs

Gain - Greater than 32 dB
Polarization o ' Circularly Polarized - |
Polarization Ratio . . . Within 2 dB over Half Power Beamwidth
Transmission Beamwidth 4 Degrees at Half Powe;; Points (Nominal)
Receiver Reference 4 Degrees at Half Power Points (Nominal)
Pattern Beamwidth :
Sidelobe Level : . 15 dB Minimum
Transmltter-Receiver 30 dB Minimum
Isolation -
Error Pattern 30 dB Minimum
Null Depth
F/D S . 0.375
Parabolic Reflector 24 Inches
Diameter
Hyperbolic Reﬂector 4.65 Inches
Diameter 3
Hyperbola Position . 7.58 Inches (Nominal)
Hyperbola Edge 35 Degrees
Angle -
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The feed horn radiates and receives r-f energy and provides the proper amplitude taper
{distribution) of energy across the parabola to achieve the required gain and beamwidth
characteristics of the antenna, The feed consists of a cluster of fo’ﬁr square apertures

0.75 wavelengths on each side and is located at the center of the parabolic reflector.

The Polarizer converts linearly polarized signals to circularly polarized signals. This
faculty is achieved in both directions. During transmission, the polarizer converts the
linearly polarized signal from the transmitter section of the radar to a ci rcularly‘polari'zed
signal guitable for radiatioAn from the feed horn, A linearly polarizéd signal (beacon return)
may arrive with its wave front oriented in any direction, The Polarizer converts this
received signal to a clrcularly polarized signal. The vertical component of the circularly
polarized signal is coupled to the receiver section. By converting the incoming linearly
polarized signal to a ciréglarly polarized signal, the Polarizer will assure a uniform transfer
of energy between the beacbn transponder and the radar receiver regardless of the orientation

of the incoming linearly polarized signal.

The Dual Mode Transition acts in conjunction with the Polarizer td pmvide the required

30 dB of isolation' between the transmit and receive channels. It is a thi-ee port device,

Two ports carry linéariy:polariZed signals and both are coupled to the third port which will
support the combination Q'r orthogonal linearly polarized signals. | Qne of the -linear ports is
connected to the tranSmitt_e“r‘ section, a.nd the oti;ler linear port is connected to the rec'eiver
section. The orthogonall& polarized port connects to the feed horn thtfpugh the polarizer.
Each linearly polarized pbrt is orthogonally polarized with respect to the other linéarly
polarized port, thus providing a high degree of igolation between the two, This arran'gement _

will decouple the receiv'e; from the high power r-f energy during transmission.

The comparator used in the: microwave Subassembly requires a plus and minus 90 degree
phase shift of the signal apphed to two of its four input channels in order to properly prucess
the r-f sighals. Two Phase Shifters ar€ used for this purpose, one. capacmve and the

other inductive. The r-f signals received from the Dual Mode Transition are dela_ved

90 degrees by the capacitive type Phasge Shlfter and advanced 90 degrees by the inductive type
Phase Shifter, These phase shifted signals, in conjunction with the two unaffected (0 phase)

signals are applied to the Compara.tor.
‘ 55
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The Comparator is an r-f -s,.ignal processing network., Within this network the proper
amplitude and phase relationships are established (in conjunction w_ith the external phase
shifters) so that additipn and subtraction of various combinations of the four input signals
develops the monopulse reference and error outputs required to drivé the antenna positioning
system. The input sign:als pass through a tandem pair of 3-dB topwall hybrid junctions, and
then through two 3-dB sidew.all hybrids which are folded back on themselves. One of the
four output ports of the Comparaj:or is terminated in a matched load. _ ’I‘he other three
comparator output ports feed the reference, azimuth error, and elevatmn error signals .

to their respective mlxers. '

The Transmitter Dlstributxon Network divides the high power transnutter energy into four
equal parts suitable for apphcanon to the transmitter input port of the Dual Mode Trangition.

The Local Oscillator Dlstnbutmn Network divides the portion of the chain energy obtained
from a directional coupler or from the single sideband generator mto three equal pari:s

This r-f energy is distributed to the three (azimuth, elevation, and reference) pre—amph_fiers
as the local oscillator sign_al_'. A single pole double throw pin diode switch is used to select

the proper signal.

The SPDT PIN diode sv@ritgﬁh éonsists of a waveguide Tee with a PIN diocie mounted in the

two oulput arms, When'ohe diode is energized, the chain output is Ifduted to the L.O'. power
divider via the directional coupler. If the second diode is energized, the chain output is
routed to the single sidébénd' generator. After translation in frequency, ‘the signal is applied
to the L.O, power divider ﬂirectly. The sihgle sideband generator, é.hbwn in Figure IV-3
consists of two varzictor 'mddulator.s which allow generation of upper and lower sidebands :
about the carrier frequeﬁcj{. The sideband outputs from the modulators are so ﬁhased
that when combined one of the sidebands is rejected and a single sideband output results.
The other sideband may be selected by feeding the modulating signal in_td a rdifferent port
of the IF quadrature hybrid.
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For the LO sideband generator the microwave input is fed to the two varactor modﬁlators

in phase by means of é' waveguide hybrid. The modulating signal is fed to modulators 90°

out of phase using an IF quadrature hybrid. The modulators are balanced units each using
two varactors and thus providing éarrier rejection of at least 20 dB. The resulting sidebands
from one modulator willibe 90° out of phase with respect to those from the other modulator,
In addition, using the output of one modulator as reference, the two upper sidebands will
have a different phasing than the lower sidebands; if one is leading by 90° the other will he
lagging by 90°. These Sidébands are then fed into a waveguide q'uadfdture hybrid. Because
of the phasing of the sidebands one will appear at one hybrid outpuf while the other sideband
will appear at the other output. For this particular application, one hybrid outptit is ter-
minated. The other sideband is obtained by changing the phase relationship of the'modulating
signals to the varactor modulators. This is accomplished by feeding the modulating signal

to a different port on the IF quadrature hybrid.

A band reject filter is used following the waveguide quadrature hybrid to provide additional
carrier rejection, The output from the L. Q. single sideband generator is sent through
a coaxial circulator and a short piece of hardline into the former terminated. port of the

coupler in the antenna microwave assembly.

1.2 ELECTRONICS AS'_SEMBLY

1
kl

The electronic assembly consists of the functions described below.

1.2.1 Receiver Subasséﬁhly

The Receiver shown in Figﬁre 1V-4 is an amplitude comparison type with a triple conversion
3 channel IF which provid;e's azimuth and elevation errors, Recei;ver". signals from the preamps 7
on the antenna (two differerices and one reference) at a frequency of 40.8 mec, are the IF inputs
to the receiver. In each dMel the 40.8 mc signal is amplified in the first IF and converted
to 6.8 mc in the second mixer. The signal is then amplified and fed to the third IF, which
converts it to 2 1.7 mc:éignél, and then amplifies it to provide an output at this frequency.
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Each IF difference channel output drives a separate input to an angle error detector, and the
sum channel provides a reference for the angle error detectors and the AGC Detector and

Amplifier.
Angle error outputs feed the servo loops for antenna control.

The AGC output is a dc voltage controlhng the gain of the first and second IF's of all three

channels as well as that of each pre-amp in the antenna,

The Receiver also provides a 6.8 me output from the second IF of the reference (sum)
channel to the Tracker Amplifier. This in turn feeds a distribution amplifier whose outputs

go to the Frequency Tracker and the three tone Range Tracker.

Inputs are supplied to the Receiver from the Frequency Synthesizer and Frequency Tracker.
The Frequency Synthesizer provides a 27,2 mc reference signal to the mixer of the 34 mc
Gated LO and a 5.1 mc‘linpﬁt (via a Power Divider) to the third mixer in each of the third

IF amplifiers. The Frequency Tracker provides an input to the mixér of the 34 mc Gated
LO at a nominal 6.8 me but deviates from this value by the frequenéy of the doppler. -

In the non-cooperative nibde, the receiver is gated off during the transmit time.

Figure IV-5 is a simplified block diagram of the receiver showing these gating functions.

The initial gating is achieved by switching the first L.0. with a SPDT PIN diode switch, The
PIN diodes aitenuate the L.O. signal by approximately 40 dB when the diodes are cut off andr
passes the L.O. signal wifh’ .less than 1 dB insertion loss when either diode is conducting.
The PIN diodes are controlled by two PIN diode driver shown in RCA Drawing No. 2378757.
A low level at the input lof the driver will apply -50v to the PIN, thereby shutting it off, and
attenuate the L.O. dnve. : A high, 5 vdc at the input applies a pos:.twe level to the diode

turns it on and passes the L O, signal to the mixer.

Gating of the IF signal apd.'the second L. O. are accomplished using identical circuits:. A
simplified block diagram _for the second L. O. gate is shown in Figdre IV-6. The L.O. signal
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" Figure IV-6. Block Diagram, L.O, Gate

is amplified and applied to t.he L input of an HP 10514A mixér. The R portis the output

port. This is followed by a‘second mixer connected in the same manner. The L.O. gate

is applied to an qncomrr';itted collector gate. The output collector is connected toa iZV'source
and, via a 1K resistor to the X port resulting in minimum insertion loss. When the L.O. gate .

is high the input is 0 mai," resulting in maximum attenuation of the applied signal.

The [F gates shown in Figure IV-7 are identical in construction. One amplifier/mixer
pair is used for each réceiver channel, One additional driver gate has been provided to
drive the three channels. . The logic input to the IF gate is the inverse of the L.O. gate,
i.e., the gate is "ON'" with a high input and OFF with a low input. | .

The first IF amplifier in each channel is identical and uses matched transistors and diodes.

A 10 MHz bandwidth lumped filter sets the bandwidth for the first IF, the AGC étage; and
the second mixer, The filters are ﬁxed_tuhed, hermeﬁ'cally sealed LC filters. Grounded base
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amplifiers are used due to the phase tracking requirements, The 40.8 MHz signal is applied
to a double halanced mixer which provides high isolation to prevent cross coupling between
channels via the L.O. and, also, the rejection of spurious frequencies on the L..O. The other
signals applied to the mixer is 34 MHz from the 34 MHz Gated L.O. This signal is applied
only when radar returns are being received, During transmit the 34 me signal is cut off.
The 34 MHz L.O. has inputs of 27.2 MHz from the Frequency Synthesizer and 6.8 MHz + the
doppler contained in thé 6 .8 MHz coming from the Frequency Tracker. The 27.2 MHz and
6.8 MHz signals are ﬁiked and passed through a filter to allow the 34 MHz to pass and
attenuate the other mixer products. The bandwidth of the filter passes all doppler variations
contained in the LO signal. It is amplified by two grounded base stages and applied to a
power divider via the LO gate which gates the 34, Thé signal is now divided by a power
splitter and passed to the mixer in the first IF. The output of the first IF is 6.8 mec which

is applied to the second IF,

In the second IF amplifier the 6.8 MHz signal is amplifiéd and passed to a single pole 2.7 MHz
filter to provide the predétéction bandwidth for the trackers. The filter is a shunt pafa.llél

~ tuned circuit. The signal is amplified and passed to the third IF. The reference channei

algo drives the tracker amplifier, The output to the tracker amplifirex::‘ is constant for all
signal levels in the dynani_ic range of the receiver because the remaining gain on the receiver
ahead of: the AGC detector is fixed. This output is fed to an emitter follower which lightly
loads the second IF refe'xjehce channel so that it will maintain tracking with the difference
ghannels. The signal is afnplified by four common base stages and gpplied to the distribution
amplifier. It is then ébupled through an emitter follower to a 200 k¢ bandwidth filter to

isolate the frequency tracker channel,

The output of the secolnd IF (that goes to the third IF) is 6.8 MHz. This is fed to a mixer
which has input of 5,1 MHz from the Frequency Synthesizer, The-dutpﬁt of this mixer is a
1.7 MHz sigpal which is passed through.a 1 kHz crystal filter to r'emo.ve the undesired - _
mixer products. In add.itiion to this rejection the filter also reduces the amount of broadband
noise at the output, After the 'ﬁlter there is a gain control and a phase shift network, The
purpose of the gain cohtrol is to provide a means of adjusting and équalizing the overall gain

of each channel which includes the first, second, and third IF amplifier. The gain control

64



allows trimming to take up small variations in gain which may occur in any of the units when
the gystem is boresighted. The phase shifting network is also used in boresighting to
equalize any variations in phase which may occur in each channél from the pre-amplifiers

through the third IF,

The outputs of the third IF amplifiers are applied to the angle error detectors to provide

the necessary AGC conf,rol voltages to the pre-amplifiers, the first IF and the second

IF amplifiers and to -n_i)r'malize the three channel gains with respect to the sum channel. It,
also, provides a DC output voltage to the servo amplifiers which is proportional to the output

signal level of the shaft and trunnion axis third IF amplifiers.

The shaft and trunm'oﬁ ‘e_rror signals for the servos driving the antenna are obtained by phase
sensitive peak detectors. The output of each error chénnel is buffered by two common
emitter amplifiers and applied to a transformer which provides two signais 180 degrees out
of phase. The refereﬁt:e channel signal is summed with the transformer output of each error
channel and the sum and dlfference signal is applied to peak detectors. The signal is then

~ applied out to the serveo coni:rol amplifiers,

The AGC voltage is derived by the reference channel output. This output is applied to a peak
detecfor, and then passed through'a low pass filter and compared :to'a reference voltage,

The difference is amplified and frequency compensated to provide the required AGC frequency
response, The resultant DC output is then applied dlrectly as the AGC voltage to first and

second IF ampllflers. ) j.

The AGC voltage for the pre-amplifier is obtained by tapping off a- portion of the first IF
AGC voltage and amphfymg it in 2 non-inverting amphﬁer. This output is delayed in level
from the IF AGC.

The outputs of the third IF amplifiers are monitored by the GSE. The shaft [F output, has a
variable amplitude of 0 to 3 vrms. The trunnion IF output, has a variable amplitﬁde of 0
to 3 vrms. The reference IF output, has a constant 2v peak-to-peak amplitude. ‘These

signals are at 1.7 MHz,"
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The shaft error and trfuhnion error outputs of the angle error and AGC Dotector are monilorod
by the GSE. The signals are DC voltages with limits of 13 volts Lo -3 volty. 'Fhese same

signals are applied to a metering circuit for readout in the Control and Display Assembly.

The AGC Test output ié supplied to a metering circuit for readout in the Control and Display
Assembly. The signal'is variable from 0 volts DC to +4 volts DC,.

1.2.2 Frequency Synthesizer Subassembly

The basic operating frequency of the synthesizer is 1.7 me which is derived from a voltage
controlled erystal oscillator. The output of the oscillator is used to drive muItlpher chains
and a divider network, The 1 7 mc is applied to a multiplier cham which employs a tripler
and a double tuned amphfler that generates a 5.1 mc signal Wh1ch is used in the Receiver as
the third IF mixer excitation. The output of this multiplier chain 1s 5 mw, The second
‘multiplier chain (XlB)_is.-uSed to generate the 6.8 mc and the 27.2 me signals, This multi-
plier uses a pair of qua_drublers. The output of the first quadrupler is 6.8 mec ata 5 mw
level. The 6.8 mc is then 'ampl'ified and supplied to the Frequency Tracker and Range
Tracker, to the GSE Connector, as a 6.8 me Test signal, and to the non—-cobperétive mode
transmitter, The 6.8 mec is also supplied to a second.quadrupler Which generates the

27.2 me signal that is Iapplied to an amplifier at a 10 mw level, The ~output of the amplifier
is sent to the reCewer as the Gated LO mixer excitatlon. The 27,2 mec is also applied to a
crystal filter for mdeband rejection, A filter output of 27. 2 mc is supplied to another multij-
plier which uses a tr1p1er to generate the 81,6 mc signal for the mlxer. The other input
(20. 825 mc) to the mixer is derwed from the basic 1.7 me oscﬂlator which is supphed toa
divider network where it is divided by two using varactor diodes with tuned circuits in the .
input and output. Fol[owi:ng a second "divide by two network! the freqﬁency is 425 ke ét a

5 mw level, which is S‘eni; to a X49 mulitplier which generate the 20. 825 mc mﬁ;er input

signall". The 20.825 mc and 8l.6 mc signals are mixed in crystal mixer, amplified,- filtered.

The resultant 102, 425 MHZ signal is sent to a phase detector where it is compared to a
102,425 MHz reference signal from a erystal controlled oscillator., The resultant error

signal controls the 1,7 MHz VCXO. In this manner, all synthesized signals are interrelated.
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The reference 102,425 signal, after amplification is used to drive a multiplier chain in the
antenna, Other outputs from the divider network are applied to a X_33 multiplier and a 425_kc
amplifier, The input to the X33 multiplier chain is applied to a transistor whose collector

is tuned to 212.5 ke, effectively dividing the 425 ke by two. It is pé}'(t applied to a tripler

and then to a times eleven multiplier amplifier -and sent out as a 7.0125 mc signal which is
used as a doppler biasilnixer excitation in the Frequency Tracker. The other 425 ke output
of the d1v1der is amphfled and sent out as 425 ke range readout clock excitation. A separate

12 v regulator is used for the 102, 425 MHz reference crystal oscﬂlator.

The multiplier stages consist of a Class A transistor stage which is biased in such a maziner,
that a small amount of 1nput power will drive the stage into the nonhnear Class AB state,
Thus harmonics are generated, and the capacitor coupled double tuned circuit is used for
filtering at the desired. harmomc Power Gam can ordinarily be obtamed from thlS type of

cireuit for the harmonic number of five or less.

'In the Divider circuits the 1nput LC network contains a series tuned.circuit and a parallel
tuned tank circuit, The series tank is tuned to half the input frequency (850 ke) and the
‘parallel tank is tuned to the input frequency (1.7 me). This combination effectively divides
the input frequency in half'.and prevents the 850 ke signal from getting back to the 1,7 me )

oscillator.

The output LC network also has a series tuned circuit in addition to a parallel tuned tank.
The series tank is tuned to 850 ke to allow passage of the signal genérated by the varactor
circuitry. The parallel tank is tuned to 1. 7 mc which assures that none of the input signal

(1. 7 mc) will find its way into the load,
The block diagram of the Frequency Synthesizer is shown in Figure 1v-8,

1.2.3 PRF Generator. -

The PRF generator pfovides all gating functions required by the radar in the ﬁon—cooperai:ive

mode of operation. Five different PRFs are provided in order to minimize the eélipsing
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losses. A simplified block diagram is shown in Figure IV-9., Timing diagrams are shown

in Figure [V-10.

Timing for the PRF generator is 10.15 MHz derived from an internal oscillator. A counter

is incremented at a 10.15 MHz rate. The count is monitored for predetermined values, which
determine the pulsewidth and the pulse recurrence frequency. The PRF control mdnitors

1;he couni;er ;:ontents for a prewired count, When this count is achieved, the PRF control
output goes high, On the next positive going edge of the 10,15 MHz clock, the counter is
cleared and the PRF control output goes low, This results in a pulse at an interval determined
by the prewired value. Five values are prewired to obtain the five PRFs desired (120, 118,
116, 114, 112), This résults in the PRF's of 85 Kpps, 86.4 Kpps, 87.5 Kpps, 8%.5 Kpps

and 91 Kpps. a

Simultaneous with the -c_ie_aring of the counter, three flip flops, the transmit gate, the

X~band gate and the receive gate are set. These gates turn on the fransmitter and deactwates
the receiver. After 49 clock pulses the pulse-width control output goes high. On the suc-
ceeding positive going edge of the clock the transmit gate is reset, turning off the trans-
mitter. One clock periéd- iater, the X-band gate is reset, turning on the first LO. After

an additional three clock periods, the receiver gate is reset, furning on the receiver,

The X-band LO gate is delayed one clock pulse, 100 nanosecond, relative to the transmit
gate to compensate for delays in transmitter turnoff. An additional 300 nanbsecond delay

is introduced in the receiver gates to allow settling of transients created by the X-band gate.

One PRF is transmitted for 176 pulses. The PRF select is then incremented and a second
PRF is transmitted. The PRF select is not incremented if the inhibit line is low. The in-

hibit line is controlled by,_the PRF controller located at the radar electronic as sembly.

Operations of the PRF controller is separated into three phases, Search, acquisition and
track. During the search phase, indicated by the lack of irequency tracker lock, the inhibit
line is high and all PRFs are continuouély scanned. The acquisition phﬁse extends from

frequency tracker lock-on until track is initiated as indicated by the presence of the data
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Figure IV-9, Block Diagram, PRF Generator
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good discrete. During this phase PRF sequencing. is inhibited. The track phase is initiated
by the presence of the data good discrete. During the track phase, target range is known.
A PRF is selected which produces an AGC in excess of a reference voltage. The reference

voltage is a function of target range and is given in Table IV-A,

Table IV-A,

Range (nmi) AGC Reference Adjustment

From To
n - I "

6.32 Max. Range 0.8 v R2

3.16 6.32 1.3 v - R3
1.58 | 3.16 1.7v . R4

0 1.58 2.4v . R5

The desired PRF may also be selected manually by placing the PRF select switch to manual.

During frequency dlversxty operation, one RF frequency is transnptted for 8800 pulses

(50 % 176) as determined by the divide by 8800 counter. The counter output increment a
three stage, divide by five counter. The first stage select the offset frequency, 50 MHz

of 100 MHz. The second ’éta.ge selects the upper or lower sideband. The third stage, the
most significant bit, seleéts the center frequency. When the center frequency is selected
all other select lines, SO-MHZ, 100 MHz, upper sideband and'lower éideband, areata
low. Center frequencjrfis also selected by placing the frequency select sv_i_ritch into the fixed

position,



1.2.4 Frequency Tracker Subassembly

1.2.4.1 General

The Frequency Tracker, shown in Figure IV-11 operates in acquisitid_n and track modes.
The acquisition mode is a.n unlocked searching condition prior to lock-on to the target feply
during which time the Ijadar receiver is swept +121 kHz about a cénte_f frequency of

9832 MHz. Upon detect.ion of the signal, the frequency tracker stops sweeping and acquires
phase lock of its VCO vnth the incoming signal. In the non-cooperative mode, the receiver
is swept 0 to 10 kHz relative to 9832.8 MHz.

The Frequency Trackér prbvides for phase locking the signal to the synthexiser reference
so that the coherent detector may recover the FM tone data or phase data from the _incomtng
gignal. Doppler velocity is obtained by measuring the absolute frequeﬁcy difference between
the received signal and the frequency reference of the synthesizer. Fi'équency lock is used

in the non-cooperative mode.

1.2.4.2 Acquisition Mode

When the Frequency r'I"réa._(:ker is first turned on it is in the acquisition or searching mode.
Assuming there is no receiver input (no lock on), the sweep generator provides é, sawtooth
voltage at +121 kHz, ¢ t_q’ 10 kHz in the non-cooperative mode. Thié ‘voltage is applied to the
VCO causing it to sweep itt'frequency, iinearly with time, Thé VCO output frequency is

mixed with 27,2 MHz in the receiver to pi'oduce a frequency of near .34 MHz.

The 34 MHz signal is the LO 1nput to the receiver and when it is mixed W1th the 40,8 MHz
return signal it gives an output IF signal of 6.8 MHz. If there is no 40 8 MHz gignal, there
is no 6.8 MHz output signal from the Receiver to the Frequency Tracker and the VCO will
continue to sweep. Assume a 40, 8 MHz signal i{s applied to the receiver. The Threshold
Detector senses the incéming noise for presencé of a signal by comparing a narrow band

frequency window with the wideband noise level. Until detection of a narrow band signal,

73



vL

15T
IF

5.1 MHZ

27.2 MHz

- veco

5

&

1

SWEEP

1 PROGRAM-

MER

STOP

SWEEP

Figure 1V-11, Block Diagram, Frequency Track Loop

NON-COOP

3RD IF
7 SIGNAL PROCESSOR | _!
| CARRIER Joiscrie | [comeen-] 1
FILTER - B LIMITER [ 250t saTion | |
(700 HZ) NETWORK | |
——— s — e o — —— — e b e o, man]
PHASE
DETECTOR
6.8 MHz -
REF
COoOP



the VCO continues te sWeei). Upon detection, by a preset difference, the detector stops

the sweep. The stop sweep signal is also connected to the Control Display Assembly as

a frequency lock or PLO signal, The frequency of the VCO is now controlled by the output
of the Fllter. This de voltage output changes the VCO frequency unt11 frequency coincidence

is attained,

The VCO is now locked ‘f;o the incoming sigﬁal The particular frequericy of the VCO indicates
range rate (velocity) ‘This frequency 1s sent to the data processor as range rate output for
processing and finally for display. The VCO output is also applied to the Doppler Sense
Detector, The Doppler detector determines that the doppier frequency return signal is
associated “;ith an opening or closing target and removes the IF bias frequency of 6.8 me
and provides a pulse train with a recurrence frequency equal to the doppler frequepcy. in |
pha_ee and quadrature compenents of the 6,8 mc references are appiied to identical mixers.
The second input is the 6.8 mc =+ fd signal. The output of the mixer consists of in-phase and
quadrature stripped dopeler. These are applied to Schmitt trigger circuits. The doppler
_square wave outputs are applied to a quadrature detector whose outpuf consists of a train of
pulses equal to the dOppler frequency, and are applied to a I/f consisting ef a cross coupled
dual gate. The logic outpul:s of the detector indicate the sense of the doppler signal. The
Bquare wave signal is also coupled to the Control Display Assembly Interface as a pulse

3 usec pulse for each cycle of doppler

1.2.4.3 Track Mode

Operating in the cooperaj:we mode the input signal from the receiveris 6.8 mc and is cempared
with a 6.8 mc reference from the Synthesizer. The reference is Shlfted by 90 degrees (ina
power divider) and apphed to the balanced modulator. The output of the balanced modulator

is a dc voltage, when the two inputs are at the same frequency. This dc voItage isa
meagurement of the phase dlfference between the two signals. If the two inputs are in phaSe
the balanced modulator output is zerc, Any change in phase causes a de voltage, whose |

polarity depends upon which input is leading the other.

75



In the non-cooperative mode the input 6.8 MHz signal is filtered to remove unwanted tone
and PRF lines, The filtered ‘signa_l is limited to remove AM caused by PRF switching and
provide a constant signal to the diseriminator. The discriminator output ls a measure of the
frequency error. After loop compensation, the discriminator is supplied to an integrator
and then to the VCO, This is type 1 system which results in no frequency error for a

constant doppler.

1.2.5 Range Tracker Subeesembly

1.2.5.1 Tone-Gene_ration_ (Reference Figure IV-12)

The-3.2768 MHz clock generator, genel-ates the basic reference frequency that the three
coherent tone frequencies' are derived from, in the high speed couoter. The three selected
outputs of the high speed counter are then fed as square waves into three tone calibrator
circuits where the signals ﬁe converted to sine waves of fixed amplitude and phase relation-
ship. The tone signals are then routed out and used to modulate the transmitted signal,

The 3.2768 MHz clock generator consists of a reference oscillator followed by a pulseshaper
and generator, The oscﬂlator provides an output of 5 MW at a frequency of 3.2768 MHz.

The pulse generator is. a five stage unit which amplifies and squares the sine wave

osgcillator output and shapes'a 100 nanosecond pulse capable of drivin'g the high speed counter,

| Stage one and two amplify and square the input sine wave. The third st‘age'is an emitter
follower which drives a 50 nanosecond delay line, The output of the emitter follower fravels
to the end of the shorted delay line arriving in 50 nanoseconds. The polarity is reversed and '
the pulse refiected, e,r'x‘iirlng af the original end 100 nanoseconds after it was initiated. A
portion of the reflected puls_e (all but the last 100 nanogeconds) canc,els with a portion of the
original pulse (all but the first 100 nanoseconds) to form two pulses , each of 100 nanoseconds
duration, a positive pulee followed by a negative pulse. The positive pulse turns on Q4, Q4
is a pulse shaper and a driver stage for the output stage. When Q4 is turned off Q5 conducts
to ralse the output level and allow a rige time of less than 30 nanoseconds When Q4 turns on,
Q5 turns off and the output is clamped to ground by CR3 allowing a fall time of less than 30

nanoseconds. The output of the pulse generator and shaper is coupled to the high speed counter.
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The high speed counter is a 14 bit synchron combination pafallel carry type, straight binai'y
counter. It is used to provide the basic tone base for the ranging unit. Submultiple square
waves of the 3.2768 mc clock, at 200 cps, 6.4 ke, and 204.8 ke are derived from the
counter. These square waves are fed to the tone calibrators and converted to sine waves
(tones) having a variable phase adjustment. Logic inthe calibrator can inhibit the tones in

conjunction with the control logic when required.

The tone calibrator converts a square wave input between 2.5 volts and 4. 5 volts peak to a .
sine wave of fixed amplitude and phase error. The square wave input is limited (clipped)
and controlled before integrétion to allow for a low distortion output. The input, after
limiting, is applied to an integrator which reduces the harmonic content and is then applied
to a bandpass amplifier, Q3A which has a tunable parallel tee network in the feedback path,
The output of Q3B is used to drive the control circuits, Q9, Q8, and an wA702A as well as
being the output of the unit, Tuning for the filter is accomplished by T1 which couples the
tone input to a chopper Ql , Which has as its other input the output of Q8, in the amplitude
control circuitry. This square wave is chopped and applied through Q2 an isolation

~amplifier to a uA702A, The uA7'02A is used for voltage and temperﬁture stability. This
sighal is now coupled to Q5, a unijunction transistor. The unijunction is used due to its
variable impedance. This gives the require:d attenuation for the filter., The tone outputs
are inhibited Lby the contrdl logic until the frequency tracker has quked up. The H.F. and
L.F, Tone Cé,librato'r operation is essentially the same even though different circuit

components are used.

The high speed counter has an output to the binary comparator. The comparator also has
an input from the upndoﬁrn counter. The binary comparator generates a sqﬁare wave whose
phase relationships Wlth respect to a similar square wave derived from the reference
counter is determined by the number in the up-down (raﬁge) counter. The lower frequencies,
200 Hz (LF) and 6.4 kH; '(MF) , have both an "I'" output (in phase) and a "Q" output (90 degree
out of phase) with respect to the associated transmitter frequency. The H.F, frequlency

. (204. 8 kHz) has only the '"Q" output. The comparator is used to decode the three tones, In

the case of the 204.8 kHz tone the first four least significant bits of the referenced counter
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and the corresponding bits of the up-down counter are compared. For the 6.4 kHz tone

the first nine least significant bits are compared. For the 200 Hz tone the nine most
signhificant bits are compared. '

When commonality exists (in a bit position or positions) in the decoding of two different tones .

the decoders are combined into one and the resulting output is shared by each tone.

The 6.4 kHz and 200 Hz "'Q" and "I" tones (square waves) are sent directly to the phase

" detector whe.re they are compared with the incoming sig,;nal from the receiver. The

204.8 kHz "Q" tone {(square wave) is applied to a delay line phase shifter using a tapped

delay line to accomplish a vernier phase shift. The delay line has 15 tones of equal delay

and the appropriate tap is selected digitally from the four least significant bits of the range
converter, The input square wave is applied to an amplifier Q1, Q2 which drives the

delay line. The logic signals are applied to a decoder whose output will energize only

1 of 16 switches. The energized switches passes the delay line signal to an isolation amplifier
that drives the output amplifier Q7. The output signal is sent to thre 204. 8 phase detector

for comparison with the feceived tone. Each tap of the delay line has a delay of

19 nanoseconds,

1.2.5.2 Range Computation (Ref. Figure IV-13)

In the cooperative mode, t_he received signal, along with a reference signal, is applied to the
coherent detector, which is basically two 6.8 mc amplifiers driving a diode bridgé phase
detector. The reference input at 400 mv rms is amplified 20 volts peak-to-peak to provide
the bias current for the bridge. The input signal, at 46 mv rms and 600 mv rms noise, is
driven into the bridge by push-pull emitter followers. The detected output is then fed to the
filter for each tone. The detected tone output level is 66 mv rms.

In the non-cooperative mode the received signal is applied to the Signal Processor shown -

in Figure vV-14.
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After buffering, the signal is processed by a bank of filters to extract the desired sidebands
and remove unwanted modulation sidebands. The LF carrier sidebands are extracted by the
carrier filter, The signals are recombined to fé:rm an HF channel and a MF/LF chanﬁel.

Since each channel is the composite of three filters, each having a bandwidth of 700 Hz, the

noise bandwidth in each channel is reduced to 2.1 kHz for a 50 dB signal/noise improvement,

The signals are then 1imited to remove unwanted AM modulation intmduced by varying PRF's.
Tones are extracted by the HF and the MF/LF discriminator, The tones are adjusted in
amplitude and phase for proper system operation. The tones are combined and transmitted

to the range filters for processing.

The filters are active béndpass filters with the following characteristics. Center frequencies
of 200 Hz + 0.1 Hz, 6.4 kKHz + 0.1 Hz, and 204.8 kHz + 1 Hz. The bandwidths are 100 + 10 Hz
for the 200 Hz, and 6.4 kHz filters and 2000 Hz maximum for the 204.8 kHz. The outputs
from the filter are 200 Hz, 6.4 kHz, and 204.8 kHz, which are fed to the tone amplifiers.

The tone amplifiers are used to amplify the output of the tone filters to a level that is adequate
to drive the phase detector. The Low Frequency (200 Hz) and Medium Frequency (6.4 kHz) |
amplifiers are identical a.n'd the High Frequency (204,8kHz) amplifier is different. The LF
and MF amplifiers will be covered first. The amplifiers are used to amplify the input to

a 10V peak—td—peak level. The circuits are basically a single stage push-pull amplifier,
with emitter foilower inpuf, and a Darlington configured output. The HF amplifier is used
to amplify the input to a 6.8 volt peak-to-peak level, The amplifier is a three stage
operational amplifier, with emitter follower input, and emitter follower output. The signals
from three tone amplifiers are fed.to the phase detéctors. There is a phase detector for
each of the three tone frequencies, Each containg a demodulation channel in which the
received tone is chopped wrii;h a square wave which is 90° out of phase with the transmitted
reference tone, These channels are used as nulling devices for range measurement and
referred to as the quadrature channel, The 200 cps and 6.4 ke phase detectors contain a
second channel in which the same input tone is chopped with a square wave which is in phase
with the transmitted reference tone. These channels serve to indicate tone and null points

and are referred to as the in?phase channel. In its nulling process, involving the quadrature
_ v
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channel, the reference square wave is shifted in-phase until the de output of the channel is
zero. The amount of phase shift required is the measure of range. The in-phase channel
reference gate is shifted along with the quadrature channel reference gate, and the dc output
of the in-phase channel is maximum when that of the guadrature ché.nnel is zero. The
in-phase channel output supplies the threshold detector with information for determining an
input tone signal present condition, and in combination with the quadrature channel output,

for determining the proper null point.

Operation of the quadrature channel is as follows. The integrated chopper Q2 is used for
demodulation. Turned on by appl'ying'a drive current from base to collector, during which
time, a short circuit appears between emitter one and emitter two, Thé drive current is
supplied by the reference square wave which is coupled through T2 into the base collector
cireuit, The received tone is applied to Q2 emitter. The chopped tone which appears on
the other emitter is the output of the phase detector. The output de level is maximum when
the received tone and the gate are in phase and zero when they are 90 dégree out of phase. The
in phase channel operates in a identical manner to the reference channel, The outputs from
the in phase channels (referred to as '"I" error signals) are now applied to threshold
detectors along with the "Q" errors, The "Q" error sighal is also appliéd to the Tone
error selector. The purpose of the threshold detector is to provide modifying inputs to the
acquigition logic for reduéing range acquigition time by means of associated logic elements
in the acquisition logic. ~ The 200 cps threshold detector provides an 0'1_1l target Signal when
the range counter has béen slaved to within 30 degrees on null. The signal is used to
imitate a timing delay, sﬁffiéient for the loop to settle to a true null s pﬁor to removing the
range counter fast z~3lewr signal and releasing the acquisition relays. In this way, delay
timing is employed obly when thel tfacking loop has settled to a linear error 'slope region.

Circuit operation is as follows (Ref, Figure IV-~15).

The input to Q1 is froni the phase detector. The input is applied to two coxﬁparator circuits.
(LATO24A), oné of which is fefgrenced to a positive DC level, and thé other to an equal value
but of negative polarity. The comparators are so arranged so that the two outputs when fed to
a two input NAND gate (in the acquisition logic) represents an acéepténce "window" of

approximately 40 degrees in width centered about the null. The other Comparator shown
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has its input from Q2 which is the "I'" error from the phase detector and is in quadrature}

with the input to Q1. This is used to differentiate between a true "on target' signal and a
false null, represented by the point where the phase detector output is at or near null but the
polarity is incorrect for tﬁe tracking loop. The output of this Comparator is NANDED with
"Q'" Comparator outputs 'f;o generate the On-Target signal while the inverse "I" signal is
NANDED with the "Q" outputs represent a false null. The NANDING is done in the acquisition
logic circuitry. The 6.4 kHz threshold detector is identical to the 200 Hz, explained here,
except that only the ON-TARGET condition is used in the acquisition logic.

The "Q'" outputs of the phase detectors are applied to the tone error selector which is used to
control the gain and frequency dependent characteristics of the feedback amplifier in the
acquigition and tracking modes. The unit also receives inputs frorﬁ the acquisition logic.
From the input, the tohe phaée errors are selected and mixed as required for the various
operations of the feedback amplifier, When the acquigition command is received from the
acquisition logic, relays K3 and K4 are energized. Contacts of K3 injéct the 200 Hz phase
detector output into the feedback amplifier inputs (R6, R8, and R9 are selected) so as to

mix the magnitude of the 200 Hz and 6.4 kHz phase errors in a 16:1 ratio. Contacts of

K4 cause K3 to be connécted between the output and input of the feedback ampliﬂér 80

that an inverting gainl with flat freguency response is obtained. Since the 6.4 kHz input is
scaled down by 16 times; but the tone frequency ratio is 32 to 1, the resulting error slope to
the 6.4 kHz ténes (as see_n.at the amplifier input) is twic;e that of the 200 Hz error. One end
of R16 is grounded through contacts of K4 so that C1 becomes charged to the output voltage

of the feedback amplifier, As the tracking loop settles tlb a null, this voltage represents the
velocity of the target since the voltage to frequency error pulses intb the range counter are
directly proportional o f_he_ voltage. During acquisition the HF tone error is removed by
contacts of K3. When thé acquisition command is removed the 200 Hz is rempved from the
input of the feedback amplifier and the amplifier is converted to an integrator. The nérmally
closed contacts of K4 are used to select a portion of the 204. 8 kHz tone error for mixing with
the 6.4 kHz tone error. With an input tone error ratio of 16 to 1 the composite error slope
resulting from the mixing giﬁes an equivalent gain function of three times the value resulting
from the 6.4 kHz tone. Only K2 is energized by the acquisition logie when the range is below

50 nmi. At this time contacts of K2 remove the tone and scale the 204, 8 kHz tone error input
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to the feedback amplifier. The only input to the feedback amplifier is the 204, 8 kHz tone
error. The transistors shown are relay drivers. The output from the tone error selector

is applied to the feedback amplifier.

The Feedback Amplifier éousists of four stages, the first, Q1B, Q1A is a differential
amplifier followed by emitter follower buffers QZA, Q2B is used to provide improved isolation,
the second stage, Q3A, Q3 is a differential amplifier with an emitter follower Q4 buffenng

the input, the third single ended stage Q5. The output stage Q6, Q7 is a complimentary
Symmetry driver. Feedback for the amplifier is through the tone error selector. The output

. of the Feedback amp11f1er is applied to the voltage to frequency converter. {V-F)

The V-F converter develops the necessary signals required by the up;down counter, It
supplies pulses of 6 us duration whose frequency is proportional to the absolute value of the
input voltage. The converter also controls the up down lines of the up down counter. These
lines should be at 4V and OV or vice versa, depending on the polarity of the input voltage,
The up down counter requires no 6ther signals in performing its counting operation. The
input signal is 'applied to Q1 and integrated. The output of Q1 is applied to CR5 and CR7

(via C5) which will conduct at a prescribed level, established by CR9 and CRS respectively,
and trigger either Z1 or 72 which are one shot multivibrators. The output of either
multivibrator w111 be coupled through Q6 and energize the dump 01rcu1t consisting of T1,

Q3, Q4 CR4 and CRS, which will cause C6 to discharge through the diode transistor network
that is biased on. The output pulse is developed by inverting the output of the multivibrator
Z1 or Z2. Note that Z1 is triggered by a negative input voltage and vice versa. An output
from either Z1 or Z2 will ‘trigger one of the input lines of fhe flip-flop Z4. The position of
the flip-flop, therefore is governed by the polarity of the input signal, Transformer Tlis a
pulse transformer whichlwill' couple the output pulse to transistor Q3 or Q4 depending on
polarity and bias diodes CR4 or CR6.0on allowing C6 to discharge in the prescribed time. If
C6 doesn't discharge 20 m.s after a pulse has been received by T1 the output of the integrator

will remain high and the multivibrator will not reset and the output pﬁlse will disappear. The
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"hang up" is corrected by C12, X the output pulse is grounded for more than 1000 ms, C12
will discharge lowering the input to Q6 within 1 volt of ground, Now the output will rise again
causing C12 to recharge. Q5 is used for constant current source for Ql and Q2. It also

majntains CR5 and CR7 at the proper current level,

A tapped delay line, shown in Figure IV-16, is used to accomplish a linear phase shift of the
204.8 kHz (HF) tone, The delay line consists of 15 taps each having a delay of 19 nanoseconds
or an overall delay of 285 nanoseconds for the entire delay line. The delay is used to increase

the regolution of the systém from a basic resolution of 150 feet to 9.38 feet.

The mputs to the unit are the 204.8 kHz (HF) tone to be delayed and the logic levels (4 lines)
from the four least significant bits of the range counter. These govern the amount of delay

for the tone. The 204, 8 kHz (HF) tone is applied through Q1 and Q2 to the delay line as drive.

The logic levels are applied to a decoder network whose output will energize one of sixteen
diode switches. The enérgized switch will pass the delay line drive signal tb an isolation
amplifier, (Q3, Q4, Q5 or Q6) that drives the output amplifier Q7. The output signal is
a.ppliéd to the HF phase detecfor for comparison with the demodulated received fone.

The decoder consists of Z1 through Z14 and operation ig as follows:

Z4 and Z10 receive the logic levels from the range counter and apply them to the dual in"put'
gates., The eight dual inﬁut gates receive all possible combinations that can be derived from
the four outputs of the range counter. Only one of these gates can be enabled at any time,
because at any one time the four inputs can be in only one combination. The enabled gate
will apply a logic level to the four inverters that a_re'employed inZ5, Z8, 212 and Z14.

The inverter will invert the logic level and turn on diode switch, The switch that ig
energized will pass the delayed tone to the isolation amplifier and then to the output driver

and out to the phase detector.
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1.2.6 Signal Data Converter Subassembly

1.2.6.1 Control Logic

The timing reference for the aéquisition conltrol logic is derived from the 200 Hz square-
wave output from the higb—Speed reference counter, A ten-stage binary counter is used to
generate timing intervals which are conditioned by the logic inputs. These ten stages
provide for timing intervals up to 5.12 seconds. The control logic for the range trackér is
shown on Figure IV-17. Timing waveforms at several points within the counter and at the

output of various storage flip-flops are shown on Figures IV-18 and IV-18,

Acquisition commences at time t = 0, when the Frequency Tracker lock-on signal, the Auto
Track Enable and Transponder Mode Select signals are received (all logic ''1'"), The receipt
of these three signals causes the conditioning circuits to set the Flip-Flops to a known con-
dition before the start of abtual counting. The output of (1) is now 'down’ (and will remain in
this condition as long as the three inputé are present), [ is applied to (2) for inversion, and
then to the inverters (3) and (4). This output (down) is applied to the Up/Down counter ag a
reset which clears ouf the countef. The 'down' output of (1) is also sent to an inverter (5)
whose 'up' output is applied to FF1 to remove the direct reset signal. The output of '(5) is also
applied to (6) where it is iinvem;ed and goes to the Track Delay F/F as a conditioning signal,
The output of (6) is also inverted by (7) and sent to the Track Delay F/F to remove the direct
resget signal. The output of (7) also goes to all ten stages of the counter to remove the

direct reset signal. The .'upi' output of (5) is applied to the Clock Control F/F, the Acquisi-
tion Hold F/F, and the Trac_:k enable F/F, to remove the direct reset signal and aliows the
F/F's to settle. The Track Delay, Track Enable, Acquisition Hold, Clock Control, FF-1
flip-flops and the counter are now conditioned to start counting. l

The 'down’' output from (1) goes to an inverter (8) which is gent to both the H., F. and M. F,

Tone calibrator to enable the tone for transmission. The output (1) also goes to anbther

inverter (9) and is further =aprplied to gates (10) and (11). The second input to gate (11) is
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one of the outputs of the Track Enable F/F (which has been conditioned) and causes a 'down'

output to go to gate (12) and out to the LF Tone Calibrator which enables the LT tone for

fransmission.,

The output of inverter (9) in conjunction with the "conditioned' output of the Track Enable
F/F causes the output of gate (13) to be down and its output is applied to Z11, the Start
NOR gate. The output of Z11 is inverted by inverter (14) and sent to the Clock Control F/F
which causes an 'up' output to be applied to gate (15) whose other input is the Acquisition
Clock, 200 cps input. Gate (15) now applies 200 cps pulses to the counter.

The counter now starts counting the 200 cps clock signal for generation of the firat set of
delays. The control logic is now in a state which will allow the start of Range acquisition,
and Range Tracker Lock-on.

The first event, occurring at t = 80 milliseconds, is the setting of the Acquisition Hold
flip-flop (Z21). Z21 is set when gato (16) output goes 'down'. The inputs to gate (16) are
the "conditioned" output, the Track Enable F/F, and the output of the fifth stage of the
counter (80 ms). When the Acquisition Hold F/F sets gate (10) whose other input has
already been conditioned')" a down output is provided, which causes the fast slew line to the
range counter to be enabled. A second output from gate (10) goes out as the Acquisition
Command Signal, after being inverted by an inverter (19), and causes the acquisition relays
in the Tone Error Selector to be energized. The latter event causes the acquisition relays
kHz tone errors to be suthed into the feedback amplifier with the proper scaling (16:1) for
producing a composite error characteristic. Closure of this relay also inhibits the 204, 8
kHz tone error from the feedback amplifier at this time, and causes the amplifier to function
ag a straight gain devwe with resistive feedback. The loop now starts to slew toward a null
on the composite 200 Hz and 6.4 kHz tone.

During normal operation the fast slew and the tone signals are turned off after 2,56 seconds.
This is a(l:complished ag follows: The last stage of the counter provides a 2. 56 second sig-

nal output to the Acquisition Hold F/F caﬁsing the output to age (10) to go 'down' which

i
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opens gate (10) and removes the signal on the Acquisition Command and fast slew lines.
Opening gate (10) also removes one input to NOR gate (12) whose other;inbut was removed

at 160 ms by the loss of output from the Track Enable F/F., With no signal output from

gate (12) the LF tone enable- signal disappears. At this time the fast slew sgignal is re-
moved, the output of the L.F. tone calibrator is inhibited (removing the 200 Hz tone

from the transmitter) and the acquisition relay is de-energized. This latter event causes
the 204. 8 kHz tone error to be mixed with the alreétdy present 6. 4 kHz tone error in the
Feedback Amplifier., The proper mixing ratio (16:1) is again established for forming a
composite e;'ror characteristic. In addition the 200 Hz tone error is disconnected at this
time. When this sequence is completed, the Tracl; Delﬁy flip-flop is set and the first phase
of acqui:sition is complete,

The Track Delay F/F is set at time t = 3,75 seconds by an output from gaté (20). The inputs
to gate (20) are pre-set times and are wired in the fa;ctory to give a_ gsetting time of t = 2,56

until t = 3.75 seconds, and an output from t = 3,75 seconds until ¢t = 5,12 seconds.

In order to simplify the following discussion, it will be assumed that tx is equal to zero.
The total time from tome t = 0 before the 200 Hz tone is removes is then 2,56 seconds.
After the 200 Hz tone has been removed, either one of two sequences will follow, depending

on the target range, The waveforms for these sequences are shown in Figure IV-18.

If after t = 2,56 seconds the target range is above 50 nmi the composite 6.4 kHz and 204.8
kHz tone errors will be allowed a settling time of 2. 56 seconds. When this event is com-

pleted at t = 5,12 seconds the range tracker will give a locked on indication.

If after t = 2,56 secondslthe target range is below 50 nmi, the compoéite error is aliowed
1.28 seconds to settle, After this time the 6.4 kHz tone phase detector will be\ disconne_cted
from the tracking loop leaving only the 204, 8 kHz tone error in the loop. In addition, the
tracking loop gain will be rescaled in order to maintain the same loop gain as obtained during

composite tracking.
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A shorter settling time is permissible for the composite 6,4 kHz and 204, 8 kHz tone error
below 50 nmi, due to the lower noise bias values at this range. This results in a corres-
ponding decrease in the probability of an ambiguous acquisition, After removal of the 6.4
kHz tone error, an additional settling time of 1,28 seconds is allowed for the 204, 8 kHz tone
error before the Range Tracker On-Target signal is sent out, This a;iditional settling time
is required below 50 nmi, Where small range bias errors on the 204. 8 kHz tone might prove

significant especially for ranges below 1 nmi,

In either case a tracker Lock-on signal is developed at 5, 12 seconds as follows: Gate (21)
provides an output at 5. 12' seconds because both of its inputs go 'up' at that time. The output
i1s applied tp the stop NOR gate (Z26) whose output causes the Clock Control F/F to change
state which removes its output going to gate (15) and stops the clock pulsés from entering
the counter. The output of gate (21) also goes to inverter (23) and F/F1, which causes

F/F1 to change state and its output and the ouiput of inverter (23) are applied to gate (24),
Both inputs to gate (24) being "up’, cause its ouiput to be low, which is sent to inverter (18),

and results in Range Tracker Lock-on indication,

Gate (25) is used to turn off the MF tone when range is less than 50 nmi. The output of the
Track Delay F/F (at 3.75 seconds) is applied as one input to gate (25). The second input is
called ""Low Range Séa._le_ Factor' and comes from the Range Counter. ‘VIf both inputs are
'up' then the MF tone will be removed. Gate (27) is provided as a "Fail Safe' device by
monitoring the M¥ tone {which is used in both Acquisition and Tracking).

Precautions have been taken {o assure that a lock-on signal will occur even if operating at
or near null but 180° out of phase and that, if required, the counting cycle is mmnentariiy
interrupted (at t = 0,16 seconds) to allow the 200 cps error to cross into the 30° threshold
limit,

After t = 80 ms and during the next 80 ms (t = 80 ms through t = 160 ms), an operation takes
place which deals with the problem of ensuring rapid acquisition, in the event the initial 200

Hz tone error happens to be at or near null, but with an incorrect error slope, This is
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accomplished as follows? The Ql’ Q2 and I control signals coming from the LF Threshold
Detector are gated through gate (29), inverters (30) and (31) and (31) and gates (32) and (33).
The 'down' output of gate (33) is inverted by inverter (35) and goes to gates (36) and (37) as
an improper null signal. Gate (36) has as its other inputs, the outpuf of the Acquisition
Hold F/F which is now 'up'; the output of the Track Enable F/F which is 'up'; and the output
of the fourth stage of the counter which is also "up" at this time. Al 'up' inputs to gate (36)
result in a 'down' output which is inverted by inverter (38) and goes out as an 'up' signal on
the Bit Switch line. This signal causes the UP/DOWN counter to be shifted 100 nmi towards
the target, thus removing ﬂ‘ne loop from the incorrect null point, Before the injection of the
Bit Switch signal the UP/DOWN counter is reset (between t = 100 ms and t = 120 ms), This
is necessary to prevent the UP/DOWN counter from moving in the wrong direction before
the occurrence of the Bit Switch, Resetting is done by gate (37) whose inputs are improper
null signal; an inverted output of gate (16); and an output from the third and the fourth stage
of the counter. When all inputs to gate (37) are 'up', its output is down and is fed to gate
(2), then through inverters (3) and (4), and is sent out as UP/DOWN-re_set.

At t = 160 ms an output from the sixth stage of the counter is applied to the Track Enable

¥/F, whose 'up' output is sent to gates (39) and (40). Both gates (39) and (40) have a second
input which is an "up" from the Acquisition Hold ¥/F., The third or controlling input to gﬁte
(39) comes from gate (32) which will be 'up' if not within the 30 degrees threshold limit. The
output of gate (39) is coupled to Z11 which stops the counter by resetting the Clock Control F/F.

When the 200 cps error crosses into the 30 degrees threshold "window', with the proper error
slope, the output of gate (32) goes from 'up' to 'down', is then inverted by inverter (34) and
then applied as an "up" control signal to gate (40), 'The output of gate (40) is now a 'dow‘n'
signal which ia applied to Z26 start NOR Gate. The NOR gate output is applied to an in-
verter whose output sets the Clock Control F/F and causes the continuation of the counting
cycle. Inthe event the error signal is already within the "window" zone of the acquisition
threshold detector, the clock control does not reset (tx = 0) and cbunting continues unin-
hibited. In either case, the counter will then cperate until a total time delay, referenced

from time zero of 5.12 seconds, plus i:X has accumulated,
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1.2.6.2 Computer Interface

The Range Data Processor processes the Transponder mode range data into the correct
format for the LGC.* Other functions include generation of an 18 bit serial binary number
for display purposes and to provide a range counter state for the three tone range tracker,

The schematic diagram is shown in Figure IV-19,

The output 'of the three téne range tracker is an 18 bit binary nurriber accumulated in the
up-down counter. The state of the counter is continuously updated; therefore at any instant,
the binary number present in the counter represents the measured radar range. Data is
transferred in parallel out of the up-down counter to a 18 bit shift register. Transfer
pulses are applied via the tunmg circuitry, Transfer logic assures that transfer takes
place during the qulescent state of the counter, which exists between range up dating pulses.
Thus inhibiting of the range tracker during readout is eliminated. After transfer the display
shift register is read out by 18 pulses which are generated in the timing circuits. The read-
out command however originates in the display assembly. The range request from the
Computer interface, transfers the range binary number to a 15 bit shift register. Since

the computer register has a capacity of 15 bits, the most significant _15 or least signifi-
cant 15 bits are transferred from the up-down counter. A secale factor logic signal is
applied to the LGC to indicate high or low scale factor. The three most significant stageé
of the up-down counter are monitored. When any of these stages is a binary ""1", a high
scale factor indicator is sent to the LGC and the 15 most gignificant bits (4-18) are
transferred, upon request, to the output shift register. When the last three stages are all
binary 0", a low scale factor indieation is sent to 1.GC and the 15 least significant stages |
(1-15) are transferred. The timing circuit takes advantage of the fact that the range
counter can only be updated in range data on a specific combination of X0 and X1 {the first
two bits of the referenéé counter). Knowing when the range counter is being updated,

can permit the transfer_of data from the range counter to the displays.

*The term LGC, LM guidance computer, was the interrogation source in the original
system, For lack of a new term for the interrogation source, this name has been retained.
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Included in the timing cirecuitry is a counter which generates the 18 bit shift pulses needed

to shift the display data to the display assembly., 425 ke is counted down by three flip flops
to a 53 ke rate which will count 18 pulses of the 53 ke and then shut off. The counting of the
18 pulses is accomplished by starting the count on the trailing edge of the first pulge and
using this to feed to n F/F'dclay network. The double inversion needed [or driving purposes
in the F/F network will count exactly 18 pulses and then an output from the last flip flop will
inhibit the input to the coim’ting network. The transfer pulses are inverted and used to shift
the range number out of the register. The shift pulses are also used to prepare a gate which

will pass the range numbér to the displays,

1.2.6.3 Input/Output Timing

The Input/Output Timing Unit shown in Figure IV-20 accepts binary outputs from the Range
Tracker and range rate doppler frequency. The range rate frequency goes from 114,74 ke
for a maximum opening rate of 4900 fps to 310. 25 ke which represents a closing velocity

of 4900 fps. The fuhction of the unit is to transform radar outputs into computer language,
The LGC. requests the data by applying a 3.2 ke strobe pulse to the unit., One pulse train
(strobe) referred to as S-1, is supplied continuously as a train of reset pulses. The second
pulse train, 82, consists of a burst of pulses to "read" the RR data. The duration of this
burst is 80 milliseconds for range and range rate. After the range and range rate has been
transformed to digital information, the LGC "reads out" this data by means of a burst of
fifteen 3.2 ke interrogate pulses. When the compuier requests range data from the radar
the Range Gate Strobe S2B is applied to T3 then through two inverters (to insure enough
drive and impedance matching) to a ¥/F which has the reset strobe S1 applied as a clock
frequency. This F/F drives another F/F whose output is fed to a NAND gate along with
the output of the first F/F. The output of the NAND gate is applied to a NOR gate whose
other input is Range Rate Gate Strobe (which is not present at this time). The NOR Gate
output is inverted and applied to counter, The output of the F/F circuitry is also applied
to another NOR Gate which will generate the transfer pulse following the termination of the
100 miilisecond data strbbe interval. The transfer pulse is generated by dividing two
stages of a three stage timing counter. After transfer of data from the binary counter to

the shift register the binary counter is cleared by a pulse generated in the timing counter.
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When range rate is requested by the LGC, strobe pulses (S2B) are apphed through T1,

{(double inverted for drive and impedance matching) into a ¥/F Wthh in turn drives another
F/F. The output of both F/F are applied to a NAND gate and then fed to 2 NOR gate whose
other input is Range Strobe (which is not present at this time), This pulse is then applied to
the range counter. Also applied to the counter is the range rate information, This information
is applied through a NOR gate being fed by a NAND gate whose inputs are strobe pulse 82B

and biased range rate at 212. 5 ke rate. The counter data gates are open for 80 milliseconds
and this range rate information is read direétly into the counter. Since the frequency

variation is directly proportional to range rate, no conversion is necessary. Once again

after 80 milliseconds a transfer pulse is generated and the information transferred to the

shift register. The transfer pulse is generated in the same manner as for range information.

The transfer and clear pulses are generated in the following manner. When the range or
range rate strobe has completed 80 millisecond count the data must be transferred to the
shift register and be cleared before receiving new data. The transfer and clear pulses are
generated in a 3 stage binary counter. The counter receives as a clock a 425 ke pulse from
the input/output émpiifier. The 3 stage counter is permitted to start at the conclusion of the
100 millisecond data strobe. The first count (01) nothing happens and the time is ended to
allow the counter to ripple to a strobe state. On the next count (10) a transfer pulse is
decoded and sent to the transfer gates. The next count (11) a clear pulse is decoded and sent
to the binary counter clearing the counter awaiting the next strobe pulse. On a count of (100)
the counter shuts off, The clear pulse is used to clear the counter to (000). Either strobe

pulse will initiate the above sequences.

After the range, or range rate data has been read into the shift register, it is shifted left to
right under control of a 15 pulse burst of 3.2 kc with a pulse duration of 3 + 0. 5 msec., For
each clock pulse the binary information is shifted one place to the right. After 15 clock

pulses, all stages of the shift register are’in the Zero state, The information is shifted out
on data flow "0" and data flow '"1" lines via transistor drivers Q1, and Q2 and output trans-

former T4 and T5,
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The other portion of the computer interface is the Input/Qutput Amplifier. This unit précesses
display signals between the Control panel and the Rendezvous Radar, transforms logic
signals to discrete signals for LGC, and accepts switched inputs from the control panel and

LGC which perform mode switching among the Rendezvous Radar subassemblies,

The discrete circuitry is made up of Q9A, Q9B, Q10A and Q10B along with relays K1-K4.
When any of the discretes are a logic ''1" the transistor is turned on and a 28v discrete

is supplied to the LGC. Relay K2, K3, K4 use only one set of contacts while Relay K1 uses
two. K1 is energized when the Frequency Tracker and Raﬁge Tracker are locked on. Before
lock on, or if either tracker loses lock on, normally closed contacts of K1 will send a data
no good signal to the display and to telemetry. Once lock has occurred K1 is energized, the

data no good signal is removed, and a data good discrete is now sent to the LGC.

The Input/Output Amplifier accepts the 425 ke clock excitation and the biased range rate at
212.5 ke and transforms the sine waves into gquare waves. These signals are accepted by
Q1A and Q1B respectively. Both transistors are in the "off'* state and saturate when the
inputs go positive. Z1 contains dual drivers which improve the rise time of the square wave
inputs and"provide buffering to the various circuits where these signals are read. The
Display timing signal is applied through T4 to Q3 which operates in a switching mode,
providing the drive to the display processing circuits. Range display shift pulses are
applied to Q4 which normally conducts and keeps Q6 in the off condition. When a puise is
applied to Q4 the base goes negative and it turns off causing Q6 to turn on (for the duration of
the pulse). The output of @6 is coupled to the Display Assembly via transformer Ti. The

range data is sent out in an identical fashion.

The mode logic section Z2,. Z3 and Z4 provides switching among various. Rendezvous Radar
subassemblies, The circuité accept logic levels from the Control Assembly, LGC, and the
Rendezvous Radar. Depending on the state of the inputs, the mode logic generates command
signals to initiate Data Good, angle track to Antenna Servo Aﬁlplifier, three tone range

tracking, and slew signal for the antenna servo voting amplifiers.
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The inputs from the Control! Assembly originate from three interconnected switches which
supply "1 or "0" logic levels. The signals from the Computer and Radar are identical
levels, héwever. they originate from logic circuitry rather than switches. The Radar
On/Auto switch will determine the switched position of the mode logic by mechanical
coupling. Mode select input commands the radar operating mode. The signal is a '"1"
when the Manual/IGC switch is in I.GC position and transponder mode is selected after
double inversion, it is applied to the range tracker indicating transponder mode has been
selected. The track select signal also selects radar operating modes, the track select
gignal is a "1", to enable auto angle tracking. The auto track enable signal will be a "1"
when in LGC mode of the auto track position. The logic level from the Range Tracker and
Frequency Tracker are a "1" when lock on is accomplished. The slew mode select output
of Z3 to the antenna servo is a "0". The output of Z3 is inverted by Z3 is a "1" to the
antenna servo as gyro torque Gain Control. The other output from Z3 is inverted by Z4 and

is a " 0" and is called Auto Track Command to the Servo.

The inputs to the logic gate of Z4 are "Frequency Tracker Lock On'' and "Range Tracker
Lock On.'" Both "1's" (if locked on) are inverted and a "0'" is fed to Q9A to energize K1 to

give a data good indication.

Any "0" on the logic gate will make the output go to the "1 state and cause a failure

indication.

1.2.7 Antenna Control Amplifier Subassembly

1.2.7.1 Servo Control

The servo control section receives positive or negative d-c error signals from the Radar
Receiver and combines this information with the gyro.stabilization linformation to develop

a resuliant tracking direction and rate signal for both the X and Y axes of the antenna. The
gyro stabilization loops .pr'event vehicle body motions from affecting antenna position 4o that
target tracking accuracy of the radar antenna is maintained. Figure IV-21ig g functional
block diagram of the sub_assémbly.
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During the following discussion the shaft (Y) axis will be described. Since the trunnion (X)
axis circuitry is essentially the same as the shaft axis, the discussion also serves to explain

its operation.

The Y error signal is applied to the input of the track compens;ation amplifier. The track
compensation amplifier in common with other amplifier circuits in the servo control section,
uses a standard d-c operational amplifier. The input and feedback networks for the d-c
operational amplifier are selected to provide for the proper gain and bandwidth charac-
teristics for each amplifier circuit. The d-c gain of the track compensation amplifier is
épproximately 100. A gain control at the amplifier output adjusts the amplitude of the

compensated error signal applied to the torque driver amplifier input.

The velocity filter receives the compensated d-¢ error voltage from the track compensation
amplifier. This error voltage represents the line of sight tracking direction and rate of the
radar antenna. Two velocity filters are used, one for each axis. The velocity filter is a
d-c amplifier with a response characteristic that will suppress noise yoltage and system
fransients. As a result, the rate voltage supplied to the angle rate display will describe

the true physical movement of the antenna,

The torque driver amplifier drives a current through the torque of gyro No. 1. The positive
or negative error signal of varying amplitude that is applied to the input of the torque

driver amplifier will cause a torque to be developed within the gyro in a specific direction
and of a certain strength.. The direction and strength of the torque is determined by the
polarity and amplitude of the d-c error voltage. This developed torque will tend to drive

the spin axis of the gyro away from its initial reference position.

A cluster of four gyros is used in the antenna, Two gyros, one for each axis, are in use at
any one time. Figure IV-22 shows the orientation of the spin axis of each gyro with respect
to X, Y, and Z axes of the LM. The two gyros shown parallel to the X and Y axes are the
on-axis gyros, whereas the two gyros shown at 45-degree angles to the X and Y axes are

the off-axis gyros. In the considered mode of operation, gyro No. 1 (letter designation C)
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controls antenna operation about the Vehicle Y or shaft axis. Gyro No. 2 (letter designation

A), the other on-axis gyro, controls antenna operation about the X or trunnion axis,

Initially, the spin of the gyro rotor will establish a reference orientation for control of the Y-
axis. The output signal from the pickoff of the gyro unit will be at a minimum or null at this
time, Since the pickoff oufput is electronically amplified to develop a drive signal for the
antenna shaft axis motor, the antenna will remain stationary with respect to the established
inertial space coordinates. When the spin axis of the gyro is driven away from the spin
reference position by the error signal, the output signal of the gyro pickoff will increase

and cause the antenna shaft axis motor to rotate the ani:enna at some constant angular
velocity. The gyro rotor responds to this angular velocity by applying a torque to its
mounting gimbal in a di_reétion that tends to return the Qpin axis back in alignment with the
spin reference axis. System equilibrium is established when this alignment is reached and
the pickoff output signal is at its minimum level. This me;cms that the angular velocity of the
antenna with respect to the inertial space coordinates is directly proportional to the toquue
developed within the gyro torquer by the error signal. An integral of the error signal with
respect to time is a direct measure of the angular displacement of the antenna with respect
to the inertial space coordinates., For this reason, the gyro control system is a rate

integrating type.

Vehicle body motions will also tend to displace the spin axis of the gyro from the spin
reference position. The resulting pickoff signal will drive the antenna in a direction
opposite to that of the body motion. . This causes a torque to be applied to the gyro rotor in
a direction that will return the spin axis to the spin reference position. The effect will be
to keep the orientation of the antenna constant with respet;,t to the inertial space coordinates.
If a torque is applied to thgé gyro rotor by the gyro torquer, as a result of an error signal
{during the time a torque is developed as a result of the Vehicle body movement) the dis-
placement of the gyro rotor and the corresponding pickoff signal will cause antenna move-
ment with respect to the inertial space coordinates proportional only to the error signal,
This will occur because the Vehicle body movement is effectively cancelled. The torque

developed by the Vehicle body movement may either add to, subtract from, or even equal
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the torque developed by the error signal, The amplitude of the pickoff signal and the

resulting angular velocify of the antenna with respect to the Vehicle will vary accordingly.

The output of the gyro pickoff is an 400-Hz signal of a certain amplitude and phase, The
signal amplitude} is deterﬁxined by the degree of gyro rotor displacement. The signal

phase is determined by _i_:he direction of gyro rotor displacement, and will be approximately-
in phase or approximately 180 degrees out of phase with the system 400-Hz reference.

The pickoff signal is applied to the pre-amp demodulator. Within the pre-=an:ip demodulator,
the pickoff signal is applied to the input emitter of ¢ransistor Q1 and Q2 through transformer
T1. The 400 Hz reference signal His fed via transformer T3, buffers @8 and Q9, and trans-
former T2, to the colle_ctoi' and base of transistors Q1 and Q2. Transistor Q1 receives
operating voltages of the proper polarity, every half cycle of the 400 cps reference voltage. '
If the pickoff input a-c .signal ig positive (during the conduction time of Q2) a positive half
cycle of output voltage is produced. If the pickoff input a-c signal is negative (during the
conduction time of Q1) a negative half cycle of output voltage is produced. The 400-Hz
component of the positive 61‘ negative pulsating d-c output signal is removed by the 400-Hz
parallel T filter, and a bositive or negative d-c voltage is applied to the input of the d-¢ '
amplifier portion of the pre-amp demodulator. The d-c amplifier output voltage (pickoff

C) is fed to the voting amplifier, |

The voting amplifier weighs this gyro output information and, if the information is judged
acceptable, when compared with the output information of the other gyros, an equivalent
d-c output signal (shaﬂ:l‘e'rror) will appear at the output of the voting amplifier. The shaft

error signal is applied to the input of the gyro compensation amplifier,

The voting amplifier also uses the compensated shaft error voltage obtained at the output
of the track compensation amplifier to generate torque voltages (torquer B! and torquer DY
for application to the torque drivers of the off-axis gyros. These torque voltages will
control the off-axis gyros in order to maintain the same relationship between the spin axes
of the on-axis gyros (in use) and the off-axis gyros (in standby) during periods éf antenna

rotation due to target track error voltages. Each torque driver also has a caging input,

110



The caging input signal is supplied by the voting amplifier as torque drive A, B, C,and D
signals. When a gyro is in use, such as gyro No. 1 in this example, no caging input signal
is provided by the voting amplifier for that gyro. When a gyro is in standby, such as both
off-axis gyvros in this example, a caging signal, which ig a short (Vlur:ltiun pulse m-.vuri.ng
every ten seconds, will be generated by the voting amplifier for that gyro. The purpose of -
the caging signal is to correct for possible differences in the drift rate between the gyros

in use and the gyros in standby, so that the drift rates are equalized at the start of the ﬁext
ten-second comparison period. The caging signals for the off-axis gyros are derived from -
the pickoff B and pickoff D signals supplied to the voting amplifier by the pre-amp demodu-
lators of the off-axis gyros. In the event that the output information from either on-axis
gyro channel in use becomes faulty for any reason, i.e., disappears or drifts excessively,
antenna control is switched from the on-axis gyros to the off-axis gyros by the voting
amplifier. When this happens, the pickoff C signal af the output of the pre-amp demodulator
of gyro No. 1 will no ionger be used to develop a shaft error signal. The voting amplifier
now com}erts the pickoff C signal to the torque drive C kcaging) signal and applies this signal

to the caging input of the torque driver for gyro No. 1,

To continue the dlscussmn of the shaft axis servo section under control of gyro No. 1, the
shaft error signal at the output of the voting amplifier is applied to the shaft gyro compen-
sation amplifier. The shaft error signal is amplified by the gyro compensation amplifier,
the response of which is designed to compensate for the characteristics of the signal at

this point. The output voltage of the amplifier is adjustable by a gain control and is fed to

the shaft motor control amplifier.

The positive or negative d-c error voltage applied to the input of the shaft motor control
amplifier will control the output a-c signal in two ways. First, the aimplitude of the a-c

- output signal is varied in -prOportion to the amplitude of the input d-c voltage, For a zero
voltage input level, the a-c¢ output voltage will also be zero. Seéond, the phase of the a-c
output voltage will be determined by the pelarity of the d~c error input voltage, i.e,, in
phase with the resolver input excitation voltage when the variable amplitude d-c error
voltage is positive, and 180 degrees out of phase when the variable amplitude d-c¢ error

voltage is negative. The analogue a-c output voltages of the shaft motor control amplifier

/
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which are derived from the sine and cosine outputs of the shaft axis resolver, are supplied
to the pulse width modulator. The sine and cosine output voltages of the angle multiplier
are 800 cycle sinusoidal voltages which sense rotor angle position. Pulses are formed by
the pulse width modulator and the output pulse widths are proportional to the amplitude of the
demodulated error voltage input. The variable width pulses are fed to the motor Sine and

cosine windings through the servo drive amplifier.

The developed motor torque will be proportional to the magnitude of the d-c error signal.,
If the antenna load torque is constant, Ehen‘motor speed will be approximately proportioﬁal
to the d-c error. The direction of motpr rotation is reversed when the polarity of the d-¢
error signal is reversed., While the m;)tor is turning, its excitation is a sinﬁsoidally
changing d-c current (equivalent to a~c), the frequency of which is determined by motor
speed and the number of motor poles. The rotor of the drive motor is a permanent magnet
type containing 16 pole pairs, a number equal to the sinusoidal output voltage variations

obtained for one revolution of the 16 speed resolver.

If the motor is stalled at a given location, motor current will be d-c the magnitude and
polarity of which is governed by the position of the rotor. An infinite number of current

combinations is possible through.t‘ne sine and cosine windings of the motor,

The amplitude component of the magnetic multiplier output is used to establish a turn off

voltage for the pulse width modulator.

The pulse width modulator will generate output pulses only when a positive signal is applied
to the input. No outpuf pulses are generated when a negative signal is applied to the input.
The width of the generated output pulses is proportional to the value of the positive d-c input

voltage.
Normally, the transistors in the multivibrator section of the pulse width modulator are in

the following states; transistor Q7B is conducting, and, because the voltage on the base of

transistor Q7A is not sufficiently positive, transistors Q7A and Q6 are cut off. With
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transistor Q6 cut off, capacitor C9 charges to a value determined by the voltage developed
between the base of transistor Q4B and the +21 vdc power supply voltage, The charge path
(conventional current) i.s through capacitor C9, diode CR3 and the emitter-collector of
transistor Q4B. Diode CR4 is reverse-biased at this time and capacitor C9 quickly charges

to its maximum value,

The astable mqltivibrator generates a square wave at a frequency of 1.8 ke, The square
wave is used to time the operation of the pulse width modulators. The incoming square wave
is applied to the base of transistor Q7A through diode CR7. A positive pulse will trigger
transistor Q7A and turns fransistor Q6 into conduction,; thus starting a cycle of operation.
One side of capacitor C9 will be effectively grounded through transistor Q6, causing the
opposite side of capacitor C9 to become a negaﬁve with respect to the voltage at the emitter
of transistor Q4B and the voltage at the base of transistor Q7B. Consequently, diode CR3
will be reverse~biased and diode CR4 will be forward-hiased. The ihcreased negative |
voltage now applied to the base of transistor Q7B through diode CR4 will cut off the transistor
and cause the output voltage of the multivibrator to rise: to a positive value, This positive
voltage is coupled back 'through resistor R23 to maintain transistors Q7A and Q6 in their
conducting states, Capacitor C4 will now start to discharge. When the voltage across the
capacitor drops sufficiently, transistor Q7B will again conduct. The amount of time |
required for this to occur and the corresponding output pulse width, is determined by the
value of the original charge on capacitor C%. When transistor Q7B conducts, transistors
QTA and Q6 are cut off, returning the multivibrator circuit to the original condition. The
cycle of operation is repeated when the following positive pulse is applied to the base of
transistor Q7B. The positive output pulses from either pulse width modulator, varying in

width from zero to 450 microseconds, are applied to the drive motor amplifier.

The phase component of the dutput of the shaft motor control amplifier is applied to switch
Q5. When a signal is applied, Q5 will conduct and pass the signal to transistors Q8 and Q9,
The reference voltage is applied to T3. The secondaries of T3 supply this reference voltage
to Q8 and Q9, When the input signal is in phase with the reference signal, Q9 will have a

positive dc output while Q8 will have a negative de output due to the phase reversal of T3.
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When the incoming signal is out of phase with the reference, Q8 will have a positive output
and Q9 will have a negative de output. These signals !(polarity and reversed polarity) are
applied to a multivibrator in the Servo Drive Amplifier and are used to bias the

multivibrator.
1.2,7.2 Servo Drive

The servo drive section develops drive power for the shaft axis and trunnion axis drive
mofors. Direct drive, brushless, torque type motors are used for each axis. Each motor
has a sine and cosine drive winding. The proper phasing of the excitation currents through
both windings is determined by the sine and cosine output signals of a resolver attached to
the motor shaft., The effect is to electrically qomr'nutate the drive currents and produce a
motor with dc operational characteristics without using brushes. The instantaneous phasing
and amplitude of the drive currents, which determine motor speed and direction of rotation 7
is obtained by controlling the phase and amplitude of the original resolver commutation
signals. The resolver signals are fed back to the angle multiplier where the product of
each sine and cosine resolver signal, and the dc error voltage developed in the servo

control section, produces an ac analog output voltage of a specific phase and amplitude.

Figure IV-23 shows a functional block diagram of the Motor Drive amplifier. The 'inputs are
from ‘the Motor Control Amplifier and are pulses for drive, and (+) and () de for polarity
signals. FEach pulse drive from the pulse width modulator is applied to the multivibrator
(Q1A, Q1B) as well as transistor switches Q10 and Q5. The amplifier is divided into two
drive channels. Qne chénnel is associated with power transistors Q16 and Q20 and the

other channel with Q18 and Q19,

Assume that positive pulses are applied to the multivibrator Q1A and Q1B in addition to Q5
and Q10. If‘the polarity inputs are such as a () dc is applied to Q1B collector and a (~) de
is applied to the collector of Q1A, Q1B will pass the positive signal thrbugh CR2 to transis-
tor Q2 and turn it on wl_lich in turn turns on Q3 and Q19. The absence of an output from

Q1A (when Q1B is conducting) lowers the bias on the base of Q7 turning it off. This will
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in turn shut off Q8 and Q20. The multivibrator is now in a known condition. The next
pulse that comes in has no effect on the multivibrator circuitry, The pulses are fed into
the collectors of Q11 and Q6. At this time Q6 is turned on by Q3 being turned on, and
applies a ground to the base of Q5 turning it off. Turning Q5 off effectively places the base
of Q4 at 28 volts turning it off. This in turn turns Q18 off. The same pulse applied to Q11
goes to the base of Q10. Q11 is cut off at this time due to Q4 being cﬁt off. The pulse of
Q10 turns it on and this turns on Q9. Q9 turns on Q16 allowing current to flow through the
motor winding from ground through Q19, the motor winding, Q16 to +28 volts, The length
of time that current flows through the transistor switches is determined by the width of

the input pulse from the pulse width modulator. When the pulse is removed, the back EMF
of the motor coil inductance tries to maintain the flow of current through the motor coil

at previous peak level. The motor inductance now acts as va voltage source and maintains
current flow. This limits the amplitude of the surge voltage., Thus a large amount of
stored energy is cycled through the motor windings during the periods between pulses.
When the polarity input reverses the multivibrator is reset and Q1A passes the positive
pulse and turns on Q7 which turns on Q8, Q20, and Q11, while Q18 turns off Q2, Q3, RI9
and Q6. When the next pulse appears the multivibrator remains in this state but now the
input drive pulse is applied to Q5 turning it on, This turns on Q4 which turns on @18. The
pulse cannot be applied to @10 due to Q11 being turned on grounding the input line to the
base. Q11 being turned off turns off Q9 which turns off Q16. Conduction for the motor
coil winding is now from ground through Q20, the motor coil, Q18, to +28 volts. This now
is in the opposite direction. The motor will run in one direction as long as the polarity

input to Q1A and Q1B remain the same.

The circuitry of Q5 and CR4 and Q10 and CRS is used as an interlock to insure that the
output of the multivibrator will not change states during a driving cycle of the input pulse,
The power switching transistor Q16, Q18, Q19 and Q20 are external to the subassembly,

They are mounted on the chassis due to the heat dissipation.
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1.2,7.3 Scan Programmer

The scan programmer forces the radar antenna to scan an angular sector of uncertainty of
20° in shaft and 20° in trunnion, The sector location is determined by the antenna pointing

angle when the function switch is moved from n_ormal to scan.
Figure IV-24 shows the interconnection of the scan programmer at the RCA test facility.

In the normal position of the function switch, the antenna may be pogitioned using either the
manual slew switch or the designation resolvers. In ofder to simulate the astronauts
control panel, the shaft and trunnion slew signals are disabled in the'. computer mode. This
is accomplished in the STE. No similar switching is present in the designate resolver loop.
However, provigions have been made to independently disconnect the resolver error signals,
It should be noted that if the slew signals and designate signals are applied simultaneously to
the radar, both functions will operate and the antenna will move until the slew and designate

gsignals are equalAin amplitude and oﬁposite in sense.

In order to provide greatest flexibility, the scan programmer has bypassed all inhibit signals.
Therefore the scan programmer is operable in both the manual and computer modes. Internal

switching removes the designate and slew signals diring the scan mode.

In the scan mode, a bipolar signal is applied to the radar shaft and trunion slew inputs. The
timing of these signals is shown in Figure [V-25. A negative signal is applied to the trunnion
slew input. The antenna will then slew to the right. After approximately 2.75 seconds, the
polarity is reversed. This will cause the antenna to reverse direction. Simultaneously,

a .25 second pulse is applied to the shaft slew input. This causes the antenna to step down.
The procedure is continued until the sector search is complete. The scan direction is then

reversed and the antenna will repeat the scan,
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The high angular rates applied to the radar servo, and the transients created at reversals
by the scan generator, causes frequent switching between the primary and redundant gyros.
This switching perturbates the servos and distorts the scan pattern, It is therefore neces-
sary to inhibit voting when the scan ‘generatbr is in use. The circuit sﬁown in Figure IV-26
will foree the selected gyro set on and will inhibit voting. Switch S1 should be a double pole
double throw, center off toggle switch.

1.2,8 Power Su]:gply Subassémbly

The Power Supply is a switched tap converter type which produces regulated +25 vde,
+12 vde, -12 vde, 46 vde, and 4,3 vdc. The regulated voltages are used throughout the
Electronics Assembly, supplied to the Antenna Assembly, and also monitored in the GSE.

A functional block diagram of the power supply is shown in Figure IV-27.
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The 28 vdc input, from the battery to the power supply, is fed to a starter circuit, the
center tap of the primary of power transformer T3, and to the feedback regulator as an
operating ﬁoltage. Initialljr the voltage for the oscillator is applied through the starter
circuit to the saturable transformer T1 in the oscillator. This starts the oscillator Q1 and
Q2 to operate. The transistors receive their feedback through windings of the transformer
T1. The current increases in the transformer until saturation occurs. At this time the
current in the secondary decreases and the current in the feedback winding reverses
direction, which reverses the bias condition of Q1 and Q2 causing current to flow in the
opposite ha}f of T1 primary. The rate of which this occurs is a function of the saturation

point of the transformer and the supply voltage.

When the switch tap converter is running normally, the voltage to run the square wave
oscillator comes from a regulated supply obtained from a winding on the power transformer
T3. However, when the converter is first turned on, this supply is not yet available.

As the voltage increases in the power transformer the starter circuit is disabied and full
oscillator power is delivered from the power transformer. During normal operation little
power is drawn from the starting circuit. The square wave oscillator drives the switch tap
con\}erter consisting‘of transistors Q1, Q2, Q3, Q4. During the positive half of the drive
cycle, transistor Q1 is first driven into conduction, grounding one end of the power trans-
former T3 and converting the supply voltage across half the primary of T3, .The voltage
induced in any secondary winding of T3 during this period is the supply voltage times the
corresponding turns ratio. At some time during the positive half of the drive cycle the
controlled saturable reactor T2 saturates. This time is controlled by the amount of feed-

back regulator. The current increases until the back bias threshold established is exceeded.
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Current now flows through T2 causing Q3 to conduct. The inboard tap of power fransformer
T3 is now grounded and the supply voltage connected between the inboard tap and the c_enter'
of T3 causes the out board tap to go below ground back biasing the divider CR2 - CR3,

cutting off Q1. The voltage induced in any secondary of T3 is now greater because the turns
ratio is larger. The voltage on any secondary, therefore has a stepped appearance.
Transistors Q2 and Q4 are driven into conduction in an exact fashion during the negative

half of the drive cycle. ; Simultaneous conduction of inboard transistor Q3 and the opposite
outhoard transistor Q1 is accomplished by delaying (3 sec.) the turn on of the outboard
transistor @1, This delay allows the inboard transistor Q3 to be fully turned off.

The average value of the voltage induced in any secondary winding of T3 is closely regulated
by the feedback regulator. This regulation is maintained by comparing a portion of the
rectified voltage from a winding of T3 with a zener reference voltage in differential amplifier
Q4. The voltage difference is aml;lified and a feedback current, proportional to the amplified
difference, is supplied to the controlled saturable reactor, T2, in the switch tap converter.
The feedback current controls the time of transistion between the two induced secondary
voltage levels in such a way, that the average value of the voltage induced in the secondary

of T3 is held relatively constant.

The step modulated voltage induced in any secondary winding of T3 is rectified, smoothed
and filtered by the LC network. Due to the high operating frequengy of the converter (20 kHz)
the rectifier diodes are high current, first recovery type. The LC product is chosen to

maintain the ripple acroés the capacitors at less than 40 mv rms. .

The rectified and filtered voltage is applied to a series regulator which is controlled by

a pre-regulator. The pre-regulator compares the output of the series regulator, with a
reference established by a zener diode network in the pre-regulator, which in turn causes the
series regulator to operate with a low voltage drop across them (1 volt) thus achieving a

reasonable efficiency even at relatively high currents.
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Short circuit protection is provided by sensing the current at the output of the LC network

on each output line. The short circuit protection circuitry consists of a five diode network
called a '"but of networks,'' unijunction diodes, a triggerable flip-flop and a oscillator control
switch. When a overload is sensed in any output, the current in Q8 increases causing the
unijunction Q7 to trigger flip-flops Q3, Q4, A5, and Q6. The flip-flop turns on Q@1 which in
turn shuts off the oscillator control switch (Q3) located in the oscillator. 3 now turns off

the oscillator, shutting down the power supply.

The ﬂip-ﬂop reset is determined by the firing potential of unijunction transistor Q2. The
flip-flop will reset in 350 milliseconds, which is established by an RC network in the
unijunétion circuitry. The reseting of the flip-flop will cause Q1 to turn off which allows
the oscillator control switch Q3 to turn on and the oscillater start to go into oscillation,
1f this overload has been removed in the time, normal operation will resume, of not, the

flip-flop will continually recycle until the short is removed.

1,2,9 Self Test Subassembly

The self test circuitry pei*m-its radar testing without the need of a Transponder. The circuits
check transmitter power, phase lock at minimum signal level, angle error detection, AGC

. : L
action, and range and range rate measurements.

The self test circuitry is enabled by supplying a self test enable signal from the Control/
Display Assembly. This signal is +12 volts and is supplied to relay K1. When energized
the relay contacts supply the +12 volts and -12 volts to the subassembly.

The three tone signals are applied to phase shifters in the subassembly. The phase shifters
contain passive R-C networks with impedance matching emitter followers. The emitter
followers keep the total phase shift to within +10 over ithe temperature range. The modulat—
ing signals are phase shifted before insertion into the phase modulator. The outputs of the
phase shifters are supplied to the phase modulator in addition to the other input which is
13.59 mec. This signal is derived from a crystal controlled oscillator. The phase modulator

is a common base, tuned collector amplifier using varactor diodes in the resonant circuit.
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The modulating voltage or tone input is applied across the varactor diocies. This causes the
effective capactance to change as a direct function of the applied modulating signal. As the
center frequency'varies, the carrier signal (13.59 mc) will encounter a phase shift.
Therefore, the phase shift is related to the modulating signal, Encﬁ tone input is driven
from a low impedance source into a set of varactors. In this manner other tones cannot
cross modulate one tone because of the shunting effect of the coil. The three tones are
summed directly in the resconant circuit. The output of the modulator is applied to a buffer
to build up the carrier to a reguired level to drive the multiplier circuit. The multiplier is
tuned to the third harmonic of the carrier and is supplied as a 40,77 me carrier with the
tone modulation appearing on it to the power divider network. The power divider is an
active power splitter because it is necessary to phase shift and attenuate each channel
separately. The active power splitter provides adequate separation between channels. The
output of the power splitter is supplied to difference channel 0-180 phase shifters. Each
difference channel is square wave phase modulated by the phaée shifter. Two signal
polaraties are obtained from an auto transformer. Each polarity is, in turn, fed to a
summing network by the proper switching. A positive voltage is appliéd to the switching
logic input, forward biasing a diode and a positive potential e#ists at the emitter of the
transistor, this cuts off the transistor. When the DC return signal is applied to the switch-
ing logic input the transistor is turned ON. This action causes a 0 d.ggﬂree or 180 degree
phase shift and is supplied to the antenna assembly along with the signal from the reference

channel output. -
The outputs of the self test subassembly causes readings from the RR to be as follows:
200 n miles of range, 30 kHz of doppler shift, angle error of 0 degree or 180

degree and the AGC action on the receiver and pre-amplifier on the Antenna

Assembly.
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1.3 IF MODULATOR

Each single sideband generator within the system requires an IF drive signal, at 50 MHz or
100 MHz, applied to the proper part; upper sideband or lower sideband. The IF modulator,
shown in Figure 1V-28, provides this signal under control of the PRF generator. A block
diagram of the IF modulator is shown in Figure IV-29, The frequency select switch selects
either the 50 MHz or 100 MHz oscillator output and applief; the unselected source fo an
internal load. Correspondingly the sideband select switch routes the selected signal to
either the upper or lowel_' sideband amplifier. After amplification, the signal is applied to

a three way power divider where it is divided equally to each of the sideband generators.
The output level is +10 dB m + 1 dB. When the center frequency is selected by the PRF
generator, all selects lines are low, Therefore, both oscillators are loaded and the input

of each amplifier is loaded. In this manner, no signals are rouied to the sideband generator.

1.4 TRANSMITTER

1,4.1 Cooperative Mode Transmitter

The Frequency Multiplier -_Chain is an all solid state amplifier and frequency multiplier,
composed of transistors, varactors, and matching resonator neiworks. The unif has a
waveguide RF output terminal, two de pin input terminals, and a miniature coaxial RF input
terminal., The Chain supplies microwave transmitter power for the Rendezvous Radar in
the cooperative mode, 7 It also supplies local ogeillator powér for the pre-amp mixers in the
Microwave Subassembly in both modes, It receives its input from the wide band amplifier
in the Frequency Synthésizer Subassembly at a frequency of 102,425 mc af a nomin;al power
level of 20 to 25 mw, This is applied to a transistor amplifier that increases the power to

16 watts which drives the multiplying part of the chain,

The multiplier part of the chain consists of a quadrupler, tripler, and three doublers.
Since the multiplier used is a microwave system, varactors are used as harmonic gener-
ators, A varactor operates in the region in which a conventional diode is cut-off, and has

a nonlinear relationship between its voltage and capacitance, Thus, distortions occur in the
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signals applied to a varactor, which encourages the generation of harmonic frequencies.

The basic premise of a varactor multiplier is to convert a source signal into a harmonic
current, through a load, by‘means of a varactor., If the oufput of the multiplier is to be the
second harmonic, then the input filter is tuned to the fundamental frequency and the output
filter is tuned to the second harmonic, If the oulput is to be the third or fourth harmonic

then the input is tuned to the fundamental frequer;cy and an idler circuit is tuned to the second
harmonic. This permits fundamental and second harmonic current flow to mix in the varactor
and provide voltage components of the (1) fundamental frequency, (2) second harmonic,

(3) fundamental plus second harmonic, and (4) two times the second harmonic, across the
varactor. The output filter then is tuned to the desired third harmonic, item (3) above, or

to the fourth harmonic, item (4) above. Then the output filter allows only the third or

fourth harmonic to pass thrdugh to the load.

Combinations of the foregoing are used to provide the described output frequency of
9832,8 mc, from the input frequency of 102,425 mec. The power level of the output is a
nominal 240 mw.  The operating voltage for the multiplier chain is supplied from the power

supply in the Electronic Assembly and is at a +25 vdc level.

The output of the multiplier chain is phase modulated by two of the three tones from the

range tracker at a modulation index of 0,3 radians each.

1.4.2 —Non-Cooperative Mode Transmitter

In the non-cooperative mode a separate transmitter shown in Figure’IV-SO provides‘a

4.6 microsecond transmit pulse upon command of the PRF generator. A simplified block
diagram of the transmitter is shown in Figure IV-31. The exciter multiplies the 102 MHz
VCXO output, which is phas'e locked to the 6.8 MHz signal from the synthesizer, to the
desired X-band frequency of 9792 MHz at an output levei of 240 mw. The signal is pre-
gated phase modulated and routed to the frequency synthesizer. The frequency synthesizer
generates the five transmit frequencies for frequency diversity. After additional gating
and amplification, to a lefel' of 30 W peak, by the TWTA the signal is routed to the antenna
for transmission. The system has been calibrated using a 21 +0,5 feet run of waveguide
between the phase modulator and the transmitter assembly, If this length is changed, the

range tracker will be in error proportional to the difference in length.
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Figure IV-30. Non-Cooperative Mode Transmitter
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The frequency synthesizer for the transmitter shown in Figure IV-32 consists of a single
pole double throw waveguide diode switch, a single sideband generator and a waveguide
coupler. The switch and coupler are used to bypass the sideband generator when center

frequency operation is desired.

The transmitter single sideband generator consists of two varactor modulators which allow
generation of upper and lower sidebands about the carrier frequency. The sideband outputs
from the modulators are so phased that when combined one of the sidebands is rejected and
a single sideband output results, The other sideband may be selected by feeding the modu-
lating signal into a different part of the IF quadrature hybrid,

The modulators used in the transmitter single sideband generator are single varactor single
ended devices., The center frequency signal is fed to the modulator through the difference
port of a waveguide hybrid. The path length from the hybrid junction HY2 to one modulator,
A1l, is 45° shorter than the other, The modulating signal is directed to the two modulators
by means of an IF quadrature hybrid, HY1l., The generated sidebands propagate back to the
hybrid junction through the 45° differential path length. The resulting phasing at the junction
is such that one sideband (upper or lower) is in phase and exits through the sum port of the
hybrid, HY2 and to the output of the sideband generator, The other sideband is 180° out of
phase and therefore exits through the difference port and is absorbed in the input isolator.
The relative phasing of the sidebands can be reversed by feeding the modulating signal into
the other port on the iF hybrid.

The output from the single sideband generator is fed through the band reject filter, to

provide carrier rejection, through the coupler to the input of the TWT.
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The transmitter is activated by the transmitter control, shown in Figure 1V-33. Three
phase 400 Hz power ig applied to the transmitter power supply via a 5 amp circuit breaker
and a power switch. A separate one phase ON/OFF switch is provided for the TWT cooling
fan. The fan switch interlocks the TWT power supply by grounding the operate/standby
line. In this state the power supply will not be activated.

A time out circuit is provided which activates .the power supply three minutes after turning
on the 3 § power switch, the fan switch and placing the operate switch to operate. The time
out is hot started until all switches are activated. However, once elapsed, the operate
switch may be placed in the standby position without resetting the timer., Power is then
present as soon as the switch is returned to the operate position. The fault light is illumi-

nated whenever the operate switch is in the standby position,

The transmitter power supply monitors the current to the TWT helix, If this current is
found to be excessive, the power supply is transferred to standby and a fault signal is sent
to the cmitrof unit, A momentary closure of the fault reset switch will return the power

supply to the operate mode,
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2,0 STE MODIFICATION

Testing of the radar in the non-cooperative mode requires the generation of a simulated
target return, This return must be capable of simulated round trip delay in range and
varying doppler shift, The simulated round irip delay must include the time delay in both
the pulse and the phase delay of the modulated tones. The STE, used for cooperative testing,
was modified to provide this capability.

A block diagram of the STE components is given in Figure IV-34, An overall view of the
test facility, showing the interrelationship of the various components, is shown in

Figure IV-35. Operation of the STE is as follows. A 102 MHz crystal oscillator is multi-
plied up to X-band, 9792 MHz, to create a synthetic target signal. This signal is then
shifted to simulate target doppler shift and the tone phase modulation is added.

Frequency shift of the X~band source is accomplished in two steps. First, the signal is
shifted up in frequency by a fixed 40.8 MHz to 9832.8 MHz. The signal is then shifted down
by a 40.8 MHz + 90 kHz, The phase modulation for tone ranging is introduced in the doppler

generator using delayed ranging tones.

Delay of the ranging tones ‘is accomplished by the tone delay simulator where three geared
phase shifters are varied an amount commensurate with the range. The resultant phase
modulated X-band signal is amplified by locking a gunn oscillator. The gunn oscillator out-
put is 10 milliwatts independent of the drive level, The gunn oscillator output is gated by
the delayed transmit pulse., The delay introduced by the digital delay unit simulates the
target range delay. The signal is routed to the frequency synthesizer where frequency
diversity is introduced., The resultant signal is then attenuated to simulated round trip path

loss and routed, via waveguide to either the target tower or the antenna shack.
The signal can therefore be coupled to the radar antenna in two ways. The signal may be

radiated from the tower by target horn and captured by the radar antenna or the signal in

the antenna shack may be directly coupled to the antenna horns via th(_é ‘antenna hat coupler.
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The former technique allows testing of the radar’s ability to angle track a moving target.

However, reflections from surrounding buildings, towers, ete. , preclude its use with the

transmitter full on. The latter precludes angle tracking since angle information is not

available from the hat coupler. However, radar performance in range and doppler may be

tested with the transmitter active.
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To reduce the effects of the reflections from the surrounding buildings, towers, etc, the
radar transmitter signal can be routed to the target horn utilizing the two waveguide runs
available from the microwave rack. With minor changes, these two runs may be connected
in series, thereby providing a waveguide connection from the antenna shack to the target
tower. This allows a portion of the radar transmit energy to be radiated from the target
horn as a test signal. It is also possible to connect an auxiliary horn to the waveguide. This

horn can then illuminate a fluctuating target, Reflections from this target can be tracked

by the radar,
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APPENDIX 1

DEMONSTRATION PROCEDURE

For No. I, Hat Coupler Tests

Test 1 - Max Detection and Acquisition Range

Step 1, Verify that servo's are off (i, e. 400~ and 800~ Pwr supplies)
Step 2. RF Sources Program Set @

Az, A4

C1, C4
D1, D5

E4 ‘ RF level to 64 dB, T to RR path (7 nmi)
F5

G2, G3, G4

H5

Note: Range readouts will be short by = 100 ft unless test equipment re-zero'd
Step 3. Set "Digital Delay Unit" to 7 nmi

Step 4. Set TMRS tc 9074 (7 nmij)

Step 5. Set Doppler Simulator to chosen value

Step 6. De-activate simulated target by DE PRESSINGIGI

Step 7. Switch mddé gelect to "auto track'

Step 8. After AGC= 0. 4 re~depress G1

Step 9. Observe and record R, Range, AGC and £d/2 or acquisition time

ACQ time set controls to 1, 0
Time B~A 10"3 time base

A-1



Simulated doppler fd/2 = 3, 3

Rate C and 1 sec time base
Step 10. Make s'evefal acquisitions and record data,
Step 11. Make several acquisitions at different range rates and record data.
Step 12, Take scope photos,

Ne, 1
No. 2
No, 3 TP's referenced on block diagram
No, 4
No. 5

Test 2 — Min Range Operation

Step 1. Verify that servo's are off.
Step 2. RF Sources Program set @

A2, A4

C1, c4

D1, D5

E4 Set RF level to max (0 dB) in T to RF path for min range
F5

G2, G3, G4

H5

Step 3. Set Digital Dellay Unit to 94 feet,

Note: Range readouts will be short by = 100 ft. unless test equipment is re-zero'd,
Step 4. Set TMRS to 100 {i.e. 500 ft used because of above note)

Step 5. Set doppler simulator to chosen value,

Step 6. De-activate simulated target by DEPRESSING G1

Step 7. Switch mode select to auto ﬁack.

b
i
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Step 8. After AGC= -0. 4 Te~DEPRESS G1.
Step 9. Observe and record R, Range, AGC, and {/2 or acquisition time,

Note: ACQ time = 10 on counter set time B-A, 10~ ° time base SIM DOPPLER
fd/2 = 33, Rate C, and 1 sec time base,

Step 10. Make several acquisitions and record data,
Step 11. Make several acquisitions at different range rate and record data,

Step 12, Observe scope readouts at fest points, and photograph séope display of wide~
band IF and receiver tones after filters,

For No. O, Demo of Clutter Return Signals

Step 1. Observe scope display.

Step 2. Vary antenna pointing angles over range of clutter targets - ohserve AGC and

scope display.
Step 3. .Track strong simulated target in presence of clutter,

Step 4, Reduce TWT output level and track simulated target at lower power levels,

For No, 1T, Demo of Acq and Track @ 7 nmi

Step 1, RF Sources Program

A2, A4
C1, C4

D1

E4

F5

G2, G3, G4
H5

RF level 53 dB (=7 nmi) atten T to RR (AGC (1.0} W
PRF +0, 2)

Step 2. TMRS @ 9076 (7 nmi)



Step 3. Doppler simulator to chosen value,

Step 4. Digital delay unit to 7 nmi,

Step 5. 'i‘a.rget to center pesition,

Step 6, Go to manual designate and have antenna designated to

349, 5° shaft '_ -
Upper left of Vol uncertainty

130, 0 trunnion
(target @ center = 000 shaft and 181, gmnhion)
Step 7. Move mode select fo auto track,
Step 8. Switch scan programmer to ''scan' - observe a.nd.record R, Range and AGC.,
Step 9. “Turn on moving target @ rate "1" (3 mr/sec)

Step 10. Recycle and re~acquire the moving target,

(1} Set scan programmer to "normal"

1
recyete (2) Set mode select to manual

(3) Mode select to auto after AGC goes to -0, 4
reacquisition (4) Set scan programming to "scan"

Observe and record R, Range and AGC,
Step 11. Turn up moving target rate to No. (= 0., 8° /sec)

Step 12, Recycle and reacquire the fast moving target,

Observe and record R, Range and AGC.





